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weight line, as it is often designated) 
and, parallel to the rays of the force 
pencil at », draw the sides of the equili- 


duces, in case of vertical forces, to a ver- 

tical line ww. Assume any arbitrary 

point p as — of this force polygon, (or 
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brium polygon ee, in the manner pre- 
viously described. Draw the closing 
line kk of this polygon ee, and parallel 
to it draw the closing ray pg; then, as 
previously shown, pq divides the result- 
ant w,w, at g into two parts which are 
the reactions of the supports. The 
position of the resultant is in the vertical 
mm which passes through the inter- 
section of the first and last sides of the 
polygon ee, as was also previously 
shown. 

Designate the horizontal distance from 
p to the weight line by the letter Z It 
happens in Fig. 8 that pw,—ZH, but in 
any case the pole distance Ht is the hori- 
zontal component of the force py acting 
along the closing line. 

Now by similarity of triangles 

k,e,(=h,h,) : ke, : 7 pu, 7 qu, 
“ Dke,=qu,.hh,=-M,, 

the moment of flexure, or bending mo- 
ment at the vertical 2, which would be 
caused in a simple straight beam or gir- 
der under the action of the four given 
forces and resting upon supports in the 
verticals 1 and 6. 

Again, from similarity of triangles, 


hh, (=k, f,) : &f, : : 1: qu, 
hh, (=¢,J,) :¢,f,:: 1: wv, 
“"s HA (k,f,— J )= Ake, 
= U,hh,—w 


w,.h 


oo dM, 
the moment of flexure of the simple gir- 
der at the vertical 3." 


Similarly it can be shown in general 


that 
Hke=M, 


i.e. that the moment of flexure at any 
vertical whatever (be it one of the 
verticals 2 34, etc., or not) is equal 
to the product of the assumed pole 
distance H multiplied by the vertical 
ordinate ke included between the equili- 
brium polygon ce and the closing line 
kk at that vertical. 

From this it is evident that the 
equilibrium polygon is a moment curve, 
i.e. its vertical ordinate at any point 
of the span is proportional to the 
bending moment at that point of 
a at sustaining the given weights 
and supported by simply resting without 
constraint upon piers at its extremities. 

From this demonstration it appears 
that He, f,=w,w,.h,h, is the moment of 





the force w,w, with respect to the verti- 
cal 3; and similarly 4/m,m,=w,w,.e,m, 
is the moment of the same force with 
respect to the vertical through the cen- 
ter of gravity. Also, Zy,y,=w,w,.h,h, 
is the moment of the same force with 
respect to the vertical 6. 

Similarly m,m, is proportional to the 
moment of all forces at the right, and 
m,m, to all the forces left of the center 
of gravity, but m,m,+m,m,=0, as should 
be the case at the center of gravity, 
about which the moment vanishes. 
From these considerations it appears 
that the segments mm of the resultant 
are proportional to the bending moments 
of a girder supporting the given weights 
and resting without constraint upon a 
single support at their center of gravity. 

Let us move the pole to a new position 
p’ having the same pole distance 7 as p, 
and in such a position that the new clos- 
ing line will be horizontal, i.e. p’q must 
be horizontal. 

One object in doing this is to furnish 
a sufficient test of the correctness of the 
drawing in a manner which will be im- 
mediately explained; and another is to 
transfer the moment curve to a new 
position ce such that its ordinates may 
be measured from an assumed horizontal 
position AA of the girder to which the 
forces are applied, so that the girder 
itself forms the closing line. 

The polygon cc must have its ordinates 
he equal to the corresponding ordinates 


ke, for 
M=Hke= H.he 


Also the segments of the line mm are 
equal to the corresponding segments of 
the line nv for similar reasons. 

Again, as has been previously shown, 
the corresponding sides (and Theonects 
as well) of the polygons ee and cc inter- 
sect upon the line yy || pp’. 

These equalities and intersections fur- 
nish a complete test of the correctness of 
the entire construction. 


FRAME PENCIL FOR PARALLEL FORCES. 


Let the same four parallel forces in 
one plane which were treated in Fig. 8 
be also treated in Fig. 9, and let in 
be applied at 2, 3, 4,5 to a horizontal 
girder resting upon supports at 1 and 6. 

Use 16 as the frame line and choose 
any vertex v at pleasure from which to 
draw the frame pencil dd. Draw the 
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FRAME 
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force lines wd parallel to the horizontal 
frame line 16, and then draw the equili- 
brating polygon dd with its sides paral- 
lel to the rays of the frame pencil dd. 
As has been previously shown, if a re- 
sultant ray vo of the frame pencil dd be 
drawn from v, as represerted in Fig. 9, 
parallel to the closing side wu of the 
equilibrating polygon, this ray intersects 
16 at the point o where the resultant of 
the four given forces cuts 16. 
Furthermore, the lines w,r, and d,r, 
parallel to the abutment rays vl and v6 
of the frame pencil intersect on rr the 
resolving line, which determines the 
point of division g of the reactions of 
the two supports, as was before shown. 
Let the vertical distance between the 
vertex and the frame line be denoted by 


In Fig. 9 it happens that v6= V. 
If the frame polygon is not straight, or 
being straight is inclined to the horizon, 
Vhas different values at the different 
joints of the frame polygon: in every 
case V is the vertical distance of the 
joint under consideration above or below 


the vertex. It will be found in the se- 
quel that this possible variation of V 
may in certain constructions be of con- 
siderable use. 
By similarity of triangles we have 
12: v6 ::77; > wg 
Ver =w,g.12=M,, 


} 
Vis 











Ws 


the bending moment of the girder at the 
point 2. 

Draw a line through w, parallel to v3; 
this line by chance coincides so nearly 
with w,s, that we will consider that it is 
the line required, though it was drawn 
for another purpose. Again, by simi- 
larity of triangles 

13 : v6 ::7,8, : wg 
23: v6: : d,g(=r,s,) : ww, 
“ Virs,—r,8,)= V.r,r, 
=W,g.13—w,w,.23= M, 
the bending moment at 3. 
Similarly it may be shown that 
V. #,%n= My, 
i.e. that the moment of flexure at any 
point of application of a force to the 
girder is the product of the assumed 
vertical distance V multiplied by the 
corresponding segment rr of the resolv- 
ing line. 

The moment of flexure at any point 
of the girder may be found by drawing 
a line tangent to the equilibrating poly- 
gon (or curve) parallel to a ray of the 
frame pencil at that point, the intercept 
rr of this tangent is such that V.r,r is 
the moment required. 

Also by similarity of triangles 


02: v6::u,d, : w,w, 
“. Viu,d,=w,w,.02 
02(=03+32) : v6: : ul : w,w, 
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** V(u,l—d,l)= V.u,d, 
=U, W,.02 + W,W,.03, 








the moments of the forces about their 








being the difference bet ween two success- 
ive algebraic sums may be found thus: 
draw d,i || wu, thenis V.d,i the moment 
of w,w, about the center of gravity, as 
may be also proved by similarity of tri 
angles. 

Again by proportions derived from 










already employed, it appears that - 






is the moment of the force w,w, about 
the point 6. And similarly it may be 
shown that 









tion 1 2 3 4, we have thus proved the 







the frame pencil be drawn to any point 







side), are proportional to the sum total 






forces which are found between that/a 









ables us to obtain at once the moment of 
any force about the point, e.g. draw d,i’ 
|| ww .. V.d,i’ is the moment of w,w,/¢ 


about 6. 









brating polygon (parallel to v’o) to coin- 





equilibrating polygon 6d has its sides/e 





whose vertex is at v’. If V is un- 
changed the abscissas and segments of 









32: v6 :: dl: ww, the resolving line are unchanged, and vv’ 
is horizontal. Also zz || vv’ contains 
the intersections of corresponding sides 
i.e. the horizontal abscissas wd between tee omy po owe ae ae = 
the equilib rating polygon dd and its cally equivalent to those made and 
closing side wu multiplied by the verti- proved in connection with the equili- 
cal distance V are the algebraic sum of | } ium polygon and force pencil. 


In Figs. 8 and 9 we have taken H= V, 


center of gravity. The moment of any 4 ; : 
single force about the center of gravity 0 oe equations will be 
> 


ke=P7.y ke,=r,7y ke,=rry ete. 


m,m,=u,d,, m,m,=u,d,, m,m,=u,d,, ete. 


WY = Vdy YY Vy YY = WA, ete. 
m,m,=d,i, etc., y,k,=d,i’, etc. 
By the use of etc. we refer to the more 


similar triangles, precisely like those|Z°neral case of many forces. From 
these equations the nature of the rela- 


ionship existing between the force and 


V.0,d,=,w,.26 frame pencils and their equilibrium and 
equilibrating polygons becomes clear. 
Let us state it in words. 


The height of the vertex (a vertical 


distance), and the pole distance (a hori- 
Vir0,d,=,w,.26 + w,w,.36 zontal force) stand as the type of the 


is the moment of w,w, and w,w, about 6.| reciprocity or correspondence to be 
Furthermore, as this point 6 was not | found between the various parts of the 


specially related to the points of applica- | figures. 


The ordinates of the equilibrium 


following property of the equilibrating| polygon (vertical distances) correspond 
polygon: if a pseudo resultant ray of|}to the segments of the resolving 

line (horizontal forces), each of these 
of the frame line, then the horizontal | being proportional to the bending mo- 
abscissas between the equilibrating poly-/ ments of a simple girder sustaining the 
gon and a side of it parallel to that ray, | given weights, and resting without con- 
(which may be called a pseudo closing | straint upon supports at its two extremi- 


The segments of the resultant line 


of the moments about that point of those | (vertical distances) correspond to the 


bscissas of the equilibrating polygon 


abscissa and the end of the weight line | (horizontal forces) each of these being 
from which this pseudo side was drawn. | proportional tothe bending moments of 
The difference between two successive|a simple girder sustaining the given 
sum totals being the moment of asingle| weights and resting without constrajnt 
force, a parallel to the pseudo side en-| upon asupport at their center of gravity. 


The segments of any pseudo resultant 


line, parallel to the resultant, which are 


ut off by the sides of the equilibrium 


polygon, are proportional to the bending 
Now move the vertex to a new posi-|moments of a girder supporting the 
tion v’ in the same vertical with o : this; given weights and rigidly built in and 


will cause the closing side of the equili-| supported at the point where the line in- 
tersects the girder; to these segments 


cide with the weight line. ‘The new|correspond the abscissas between the 


quilibrating polygon and a pseudo side 


parallel to the rays of the frame pencil | of it parallel to the pseudo resultant ray. 


The two different kinds of support 


which we have supposed, viz. support 
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without constraint and support with con- 
straint, can be treated in a somewhat 
more general manner, as appears when 
we consider that at any point of support 
there may be, besides the reaction of the 
support, a bending moment, such as 
would be induced, for instance, when 
the span in question forms part of a con- 
tinuous girder, or when it is fixed at the 
support in a particular direction. In 
such a case the closing line of the equili- 
brium polygon is said to be moved to a 
new position. It seems better to call it 
in its new position a pseudo closing line. 
The ordinates between the pseudo closing 
line and the equilibrium polygon are 
proportional to the bending moments of 
the girder, so supported. It is possible 
to induce such a moment at one point of 
support as to entirely remove the weight 
from the other, and cause it to exert no 
reaction whatever; and any intermediate 
case may occur in which the total weight 
in the span is divided between the sup- 
ports in any manner whatever. When 





the weight is entirely supported at A, 
then y,e, is the pseudo closing line of the 
polygon ee. In that case xx becomes the 
pseudo resolving lina, and in general the 
ordinates. between the pseudo closing 
line and the equilibrium polygon corre- 
spond to the segments of the pseudo 
resolving line, and are proportional to 
the bending moments of the girder. 
This general case is not represented in 
Figs. 8 and 9; but the particular case 
shown, in which the total weight is 
borne by the left pier, gives the equa- 
tions 


Of, =a, ¢,f, = 0,2, 6, f,=W, 2 eto. 


In order to represent the general case 
in which the weights, supported by the 
piers, are not the same as in the case of 
the simple girder, by reason of some kind 
of constraint, we propose to treat the case 
of the straight girder, fixed horizontally 
at its extremities; but it is necessary 
first to discuss the following auxiliary 
construction. 


SUMMATION POLYGON, 
Fig. 10 
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THE SUMMATION POLYGON. 

In Fig. 10 let aabb be any closed 
figure of which we wish to determine the 
area. The example which we have 
chosen is that of an indicator card taken 
from page 12 of Porter’s Treatise on 
Richard’s Steam Indicator, it being a 
card taken from the cylinder of an old- 
fashioned . paddle-wheel Cunarder, the 
Africa. The scale is such that a,b}, is 
26.9 pounds per square inch and 06 














a 
parallel to the atmospheric line is the 
length of the stroke. 


Divide the figure by parallel lines a,6,, 
a,),, etc. into a series of bands which 


are approximately trapezoidal. A suffi- 
cient number of divisions will cause this 
approximation to be as close as may be 
desired. The upper and lower bands 
may in the present case be taken as ap- 
proximating sufficiently to parabolic 
areas. Let 06 be perpendicular to a,),, 
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etc., then will 01, 12, ete., be the heights 
of the partial areas. Lay off 
Ah,=3 a,b,, hh,=4(a,0, + a,6,), 
hA,=4(4,0, - a,b,), ete. 
then will these distances be the bases of 
the partial areas. Assume any point ¢ 
at a distance / from 06 as the common 
point of the rays of a pencil passing 
through 0, 1, 2, ete.; and draw the 
parallels As: then from any point v, of 
the first of these make v,s, || cO0, and 
8,8, ll cl, s,s, || ¢2, ete. 

The polygon ss is called the summa- 
tion polygon, and has the following 
properties. 

By similarity of triangles 
2:01::A,A,: vv, .*. 01.4,A,=L0,», 
is the area of the upper band. Similarly 
12.4,h,=L,v, is the area of the next 

band, and finally 
06 0(h,h) =1.v,v,=lp 
is the total area of the figure. 

In the present instance we have taken 
t=06, the length of stroke, conse- 
quently p is the average pressure during 
the stroke of the piston, and is 21.25 
pounds, which multiplied by the volume 
of the cylinder gives the work per stroke. 

This method of summation, which ob- 
tains directly the height p of a rectangle 
of given base / equivalent in area to any 
given figure, is due to Culmann, and is) 
applicable to all problems in planimetry; | 





ha hs 


it is especially convenient in treating the 
problems met with in equalizing the 
areas Of profiles of excavation and em- 
bankment, and is frequently of use in 
dividing land. It is much more ex- 
peditions in application than the 
method of triangles founded on Euclid, 
and is also, in general, superior to 
the method of equidistant ordinates, 
whether the partial areas are then 
computed as trapezoids or by Simp- 
son’s Rule; for it reduces the number 
of ordinates and permits them to be 
placed at such points as to make the 
bands approximate much more closely 
to true trapezoids than does the method 
of equidistant ordinates. 


GIRDER WITH FIXED ENDS. 


It is to be understood that by a girder 
with fixed ends, we mean one from which 
if the loading were entirely removed, 
without removing the constraint at its 
ends, there would be no bending moment 
at any point of it, and, when the loading 
is applied to it the supports constrain 
the extremities to maintain their original 
direction unchanged, but furnish no 
horizontal resistance. Under those cir- 
cumstances the girder may not be 
straight, and may not have its supports 
on the same level, but it will be more 
convenient to think of the girder as 
straight and level, as the moments, etc., 
are the same in both cases. 


hy 
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Suppose in Fig. 11 that any weights|a girder which is supported and fixed 
t0,0,, etc. are applied at h,, h,, h,, 4,, to| horizontally at h, and/A,. With p as the 
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pole of a force pencil draw the equili- 
brium polygon ee as in Fig. 8. The re- 
sultant passes through m. 

It is shown in my New Constructions 
in Graphical Statics, Chapter II, that the 
position of the pseudo closing line 4X’, 
in case the girder has its ends fixed as 
above stated, is determined from the 
conditions that it shall cut the curve ee 
in such a way that the moment area 
above 4’k’ shall be equal to that below 
Xk’, and also in such a way that the 
center of gravity of the new moment 
area shall be in the same vertical as the 
original moment area. 

To find the center of gravity of the 
moment area ek; determine the areas of 
the various trapezoids of which it is com- 
posed by help ‘of the summation poly- 

on ss. In constructing ss we make 
h.1=k,¢,, h,2=k,e, +-k,e,, etc., and using 
w as the common point of the pencil we 
shall have /,v.,z, = twice the area of 
the moment area. We have used the 
sum of the two parallel sides of each 
rapezoid instead of half that quantity 
for greater accuracy. 

Now lay off from z, 2,2,=A,2,, 
2,2,=hz, ete, as a weight line and 
assume the pole p’. 

Of the triangle A,A,e,, one-third 
rests at A, and two-thirds at h,; 
make z,z,/=42,z,, it is the part of the 
area applied at 2,. Of the area /,¢,¢,h,, 
one half, approximately, rests at A, and 
one half at A,. Bisect 2,z, at z,’, then 
z,’z,’ rests at h,. Bisect each of the 
other quantities z,z,, etc. except 2,2,, in 
which make 2,z,,=4 zz, With the 
weights 2z’z’ so obtained, construct the 
second equilibrium polygon yy, which 
shows that the center of gravity of the 
moment area is in the vertical through 
nm. There is a balancing of errors in this 
approximation which renders the posi- 
tion of n quite exact; if, however, 
greater precision is desired determine 
the centers of gravity of the trapezoids 
forming the moment area, and use new 
verticals through them as weight lines, 
with the weights zz instead of the 
weights z’z’. 

Draw verticals which divide the span 
into three equal parts,—they cut ny, and 
ny, at ¢, and?¢,, and draw p’t’ || ¢,t,. 
Then is ¢,¢,nt,t, an equilibrium polygon 
due to the force z,z, applied at », and to 
the forces z,t’, and ¢’z, applied at ¢, and 





t, respectively. As explained when 
treating this matter in the New Con- 
structions in Graphical Statics, z,¢’ and 
t'z, are proportional to the bending mo- 
ments at the extremities of the fixed gird- 
er. In this case, since we have taken 
h,v=th,h,, we find that h,k,’== 42,0’, and 
kk,’ =} tz, are the end moments, and 
they fix the position of the pseudo clos- 
ing line. Draw pq’ || A’k’ then are w,9’ 
and q’w, the reactions of the piers. The 
pseudo resultant is at m’. 

To obtain the same result by 
help of a frame pencil, let Fig. 12 
represent the same weights applied 
in the same manner as in Fig. 11. 
Choose the vertex v, and draw the 
equilibrating polygon dd, etc. as in Fig. 
8. Make A,l=r,r,, 2,2=r,r,+7,7,, ete., 
since these quantities are proportional 
to the bending moments as previously 
shown. With v as the common point of 
the rays of a pencil, find 4,z, by the help 
of the summation polygon ss just as in 
Fig. 11. 

Lay off the second weight line z,z,’, 
etc., just as in Fig. 11, and with v as 
vertex construct the second equilibrating 
polygon zz. Then as readily appears 
vn || z,2, determines » the center of 
gravity of the moment area. Make z,z, 
|| vt, and a,x, || vt,; if ¢, and ¢, divide 
the span into three equal parts, then the 
horizontal through 2, fixes ¢’ correspond- 
ing to ¢@’ in Fig. 11. 

To find the position of the pseudo 
resolving line and its segments pro- 
portiunal to the new bending mo- 
ments, lay off r,7=4(¢'z,—z,¢’) the differ- 
ence of the bending moments at the 
ends, and make /r,’ || r,w, and prolong 
u,r, until they meet at r,’ which is on the 
pseudo resolving line. Then lay off 
rr’ =4zt’ and r,’r'=4/’z,’ upon this 
pseudo resolving line r’g’, then r’r,’, r’r,’, 
etc., are the bending moments when the 
girder is fixed at the ends. For by simi- 
larity of triangles 


AA: Vi: 0,7! : of’, 
* Ah. 9gg,=V.2,'r, 


is the moment, and qq’ is the weight 
which is transferred from one support to 
the other by the constraint, hence r’¢’ is 
the correct position of the pseudo resoly- 
ing line. Thence follows the proof that 
the bending moments are proportional 
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to intercepts upon this line in a manner 
precisely like that employed in Fig. 9. 

Again, draw vi, || w,r’ and vi, || ,7’, 
then are #, and 7, the points of inflexion 
of the girder when the bending moment 
vanishes, being in reality points of sup- 
port on which the girder could simply 
rest without constraint and have the 
pseudo resultant in that case as the true 
resultant. 

In Figs. 11 and 12 we have taken 
H= V, consequently the new moments 
can be directly compared, the ordinates 
ke being equal to the corresponding 
segments 7’r. 

Apparently in this example Fig. 12 
presents a construction somewhat more 
compact than that of Fig. 11, it is cer- 
tainly equally good. 

It remains.to remark before proceed- 
ing to further considerations of a slight- 
ly different character, that we owe to 
the genius of Culmann* the establishment 
of the generality of the method of the 
equilibrium polygon. 

He adopted the funicular polygon, 
some of whose properties had long been 
known, and upon it founded the general 
processes and methods of systematic 
work which are now employed by all. 

Furthermore it should be stated that 
parallelograms of forces were com- 
pounded and applied in such a way as to 

ive rise to a frame pencil and equili- 

rating polygon by the _ illustrious 
Poncelett who by their use determined 


* Graphische Statik. Zarich, 186¢. 
t Memorial del’ officier Genie. No. 12. 




















ws 


the centers of gravity of portions of the 
stone arch. Whether he recognized 
other properties besides the simple de- 
termination of the resultant of parallel 
forces, I am not informed, as my 
knowledge of Poncelet’s memorial is de- 
rived from so much of his work as 
Woodbury* has incorporated in his 
graphical construction for the stone 
arch. 

So far as known, the method has been 
advanced by no one of the numerous 
recent writers upon Graphical Statics 
which would certainly have been the 
case had Poncelet established its claim 
to be regarded as a general method. 
I think the method of the frame pen- 
cil may now fairly claim an equal gen- 
erality and importance with that of the 
equilibrium polygon. 

-- -—- 


Here Hiren has been conducting a 
series of experiments in Germany on the 
comparative strength of wood and cast 
iron in their different applications, and 
finds that in a great number of cases 
the former has the advantage. Pro- 
fessor Hirn finds the strength of wood 
to be in direct ratio to its density, and 
this strength is increased by immersing 
the pieces of wood in linseed oil, heated 
from 185 deg. to 212 deg. Fah., and let- 
ting the wood thus immersed remain for 
two or three days, or until partially satu- 
rated. 


* Treatise on the Stability of the Arch. D. P, Wood: 
bury, New York, 1858. 
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THE ANEROID BAROMETER, ITS CONSTRUCTION AND USE. 
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II. 


La Place’s formula which includes 
terms derived from the consideration of 
these conditiuns is obtained as follows : 

Suppose a portion of the atmosphere 
included between two stations at differ- 
ent altitudes to be divided into very 
thin lamine. 

Let zbe the distance of one of these 
from the surface of the globe and dz its 
thickness. 

Let P be the pressure upon a unit of 
surface upon the lower side of this layer; 
and W the weight per cubic meter of 
the air at this pressure. 

Then the pressure on the upper side 
will be less than P by an amount equal 
to the weight of a column of air whose 
base is a unit and height is equal to dz. 


Whence 
dP=—Wadz. (1) 


If W, be the weight of a cubic meter of 
air at the temperature o°C and a baro- 
metric pressure of 0.™76, the weight of 
this same volume at pressure P and tem- 
perature 6 would be 


We P l 
~  °6,76'1+a0 


a being the coefficient of dilatation of 
air which is here taken at .004 in conse- 
quence of the constant pressure of watery 


= 
is expresses the weight at the sur- 
face of the globe. If transferred to the 
height z, the weight would be diminished 
in the ratio of the squares of the distances 
from the center of the earth. We should 
then have 
P 1 R’ 


W=W.-076'14a0 (Rta)? 


Substituting in equation 1, dividing by 
P and integrating between o and z, we 
get, by calling the pressure at the lower 
station P, 


P, 
log. p= 





- 


| a 
0.76. (1+a0) R+z 
the logarithm being Napierian. 
From this we obtain 


_0.76(1+a0), _P, 
Zz a. amen log.— 


(+8) 

aa P R 

But the pressures P, and P are in direct 
ratio of the mercury columns which we 
will designate by A, and A, These 
columns also vary in weight in accord- 
anee with the law of inverse squares of 
distance from the earth’s center, so that 


P,_A, (R+z)’_A, (1+) 
Ts ¢ © R 
Substituting in the value of z, we have 

|, 9.76. (1+a@) 
=" Ww, 
} log. 5242 log. (1+%)} x(1+3) 
| But as z is so very small compared with 
Z 2 
(1 +h) by Rr 


may be neglected. 





R, we may replace log. 
| 

A 

| lso R 
| We shall then have 


| ,_.0.76 (1 +a) | Z 
| (+k ATR 
The weight W, refers to the height A, 
the lower of the two stations. At the 
surface of the earth, this weight would 


R)’ But 


(R—A)*. 
as fh is always small compared with R 
this correction may be neglected. 

But there is another of more import- 
ance which should be taken into account. 
On account of the spheroidal form of 
the globe weight varies with the lati- 
tude. If G represent the weight of a 
body at latitude 45°, then at any other 
latitude Zits weight is found by multiply- 
ing G by « 

1—.00265 cos. 27 


This factor is to be applied to W, in 
the formula. This is accomplished by 
multiplying the above value of z by 
1 + 00265 cos. 27. 

In order to simplify the expression we 
will substitute 6 the mean between the 
temperatures of the upper and lower 


z 


log. h, + 4 


be greater in the ratio of 
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stations, designated by ¢, and ¢. The 


factor 1+a0 then becomes 
2 (é, + t) 


“1,000 

and the value of z may be written 
O76 | , 6,40) | 

W 


1+ since as a=.004; 


z= 


1000 § 


x 1(1+R) 


(1+.00265 cos. 2/) 


If M be used to represent the modulus 
of the Napierian logarithms we may 
write 

| 14+ 


_ 0.76 
~ MW, 
z A, 
Xx (1+ f)log-; + 
(1 + 0.00265 cos. 20) 


in which the logarithms are of the com- 
mon kind. 

This is La Place’s formula. / in the 

expression is not the barometric height 
directly observed at the upper station, 
but this height reduced to the tempera- 
ture of the lower station. 
0.76 
MW, 
ined by trial of the formula upon known 
altitudes. Ramond in his survey of the 
Pyrenees determined its value to be 
18336. 

The unknown term z in the second 
member is determined by successive ap- 
proximations. 

The first value being 


, A, 35) 
"B72 RS 


2(t, +2) ) 


Zz “he 
1000 


2Mz } 
rR j* 


The value of has been determ- 


2,/=18336. log. * (meters) 


This being substituted, we may have 
2(t,+¢). 

1000 

Finally, these being substituted in the 
above value of z we get 


¢ 


3,=2,+ 


h, , 2(t, +2) 
h* 1000 * 
+2,.00265 cos, 27 


2,=18336 log. 


+(s*+2M. 18336) z 


The terms of this formula are gen- 
erally reduced to tabular form for prac- 
tical use. 
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Guyot’s formula which is derived from 
this, reducing meters to feet and the con- 
stants depending on temperature being 
changed to accord with Fahrenheit’s 
scale, is 


h 
2=60158.6 log. ; 
t,+t—64 


(1+ 900 ) 


(1 +.00260 cos. 2/) 
| 1 4 2452252, ) 
q ( 20886860 10443430 

The three terms after the first are the 
corrections. The first being that for the 
temperature at the two stations. The 
second is the correction for the force of 
gravity depending on the latitude. 

The third contains, first the correction 
for action of gravity on the mercury 
column at the elevation 2, and second a 
correction required for decrease in densi- 
ty of air owing to decrease in action of 
gravity at the greater elevation. The 
factor s being the approximate difference 
in altitude of the stations. 

Plantamour’s formula, which has been 
much used, differs slightly from Guyot’s. 
The first coefficient is 60384.3. The de- 
nominator of temperature term is 982.26 
and a separate correction is used for 
humidity of the air. 

To use either of these formulas elabo- 
rate tables are necessary, of which those 
prepared by Lieut. Col. Williamson* are 
the most elaborate. 

For the Aneroid in ordinary practice, 
formulas of much less complexity may 
be profitably used. The corrections de- 
pending upon the gravity of the mercury 
column would, in any case, be omitted. 
The other corrections may in very nice 
work be retained. But a correction de- 
pending on the effect of changes of tem- 

erature on the metallic work of the 
instrument should be carefully remem- 
bered. First class Aneroids claim to be 
compensated, but a greater portion will 
need a correction which the purchaser 
can determine for himself, by subjecting 
the instrument to different tempera- 
tures while the pressure remains con- 
stant. 

Approximate formulas to be used 








* The Use of the Barometer on Surveys and Recon- 
noissances. By R. S. Williamson. New York: D. Van 
Nostrand. London: Trubner & Co. 
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when no tables are at hand have been| Example: 


presented by various writers. 
In Engineering for October, 1877, we 
get the following : 
“For measuring heights not exceeding | 
a quarter of a mile above the sea by | 
means of the Aneroid, Admiral Fitzroy | 
proposed the following method. Divide | 
the difference between the readings at 
the lower and upper station by 0.01], | 
the quotient is the approximate height 
in feet. * Thus, Aneroid reading at : 
30.385 inches. 
30.025 “ 


360.0011 =327 ft. 
ro- 


Lower station 
Upper station 


Difference 
Another very simple rule was 


posed by Mr. Rk. Strachan in the Horo- 
logical Journal for 1866. Read the Ane- 
roid to the nearest hundredth of an inch; 
subtract the reading at the upper station 
from that at the lower, neglecting the 
decimal point: multiply the difference 
by 9; the product is the elevation in feet. 
xample : 


Lower station 
Upper station 


123 x 9=1107 ft. 


The following short method has been 
proposed for altitudes not much exceed- 
ing half a mile above the sea, where ex- 
treme accuracy may not be desired. 
Take from the subjoined Table the value 
corresponding to the mean reading of 
the Aneroid at the upper and lower 
stations, and the mean temperature 
(which may be guessed at when not ob- 
served) ; then divide the difference of 
the Aneroid readings by it; the quotient 
will be the height in feet. 





Mean of 
Aneroid at 
Two Sta- 

tions. 


Mean temperature. 





25 deg. 50 deg. 75 deg. 





in. 
27 
28 
29 
30 


(Example on following page.) 


Mr. J. M. Heath has proposed the fol- 
fowing short method: When the mean 


-00094 
-00098 
-00102 
-00105 


-00099 
-00103 
-00107 
-00110 


-00104 
-00108 
-00112 
-00115 

















less 


temperature at the stations is } 
greater 


mean temperature 


Aneroid at base of 
of the air 50 deg. 


Ben Lomond... 29.890 
Aneroid at summit 
of Ben Lomond. 


26.656 


Difference... 3.234 
=quotient 3110 ft. 


Divisor found 


§ increase } both the read- 


than 62 deg. ) decrease { 
ings of the Aneroid at the rate of 1 inch 
— 62 deg., or 
0.2 for every 3 deg. The difference of 
the tabular numbers opposite these re- 
duced readings is the vertical altitude in 
feet. 


for every 15 deg. | 





Aneroid. | No. Aneroid. 





28.1 
27.8 


| 4824 
| 4460 
| 4184 

3905 


30.9 
30.5 
30.2 27.5 


29.9 27.3 


6 3623 27.0 


29.2 | 3248 26.7 
| 2955 


| 2761 
| 2467 


26.5 
28.7 26.2 


28.4 


98 
26.0 














Example: The last given, worked by 
this method. 
29.890 summit 26.656 
Temp. 62 deg. —50 deg. 
=12, gives +- -800 + .800 
27.456 


30.690 
Tabular No 4633 1522 
Difference. 3111 ft. 

All the foregoing rules are mere sim- 
plifications of Laplace’s formula, but are 
useful to travelers, tourists, military and 
civil engineers who require to obtain 
rapid results from their contouring ob- 
servations. 

Still another simple rule is based on 
the fact that in the logarithmic term of 
the complete formula the Napierian log- 


arithm of — very nearly. Ap- 


h = Th 
plying to the result thus obtained a tem- 
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perature correction for an average of| This table extended by interpolation is 
55° F. we obtain for an approximate| given further on. : 
value of difference of level between two| When the Aneroid has a fixed circle of 
observed stations. | feet engraved on it in accordance with 
H—A | this table, the approximate height is ob- 
Hah tained by subtracting the reading in feet 

‘at the lower station from that at the 

A formula which we find in an excel-| upper. 
lent paper by Gen. Theo. G. Ellis, pre- If the average temperature is 50° 
sented to the Am. So. of Civil Engineers, Fahrenheit no correction is required. 
in January 1871, and credited to Sir) But inall cases observe the temperatures 
George Schuckburg. ‘at both stations. Add them together; 

Gen. Ellis suggests a modification of | if the sum is greater than 100° increase 
this, which the writer has found to give the height by ; 55th part for every de- 
good results recently in some topo-| gree above 100°. If the sum of the tem- 
graphical surveys in the Catskill Moun-/ peratures is less than 100°, then diminish 
tains. ‘the estimated height by yz y;th part 

The form proposed is: | for every degree below 100°. 

H—sA | _ It is evident from the construction of 
D=55000--— 'the table that it may be used with 
nes _Aneroids which have no scale of feet. 

This gives the altitude very nearly A correct graduation of the scale corre- 
when the average temperature of the| sponding to the mercurial barometer is 
upper and lower stations is 55°F. When all that is required. The corresponding 
it is higher add 4, of the calculated | heights in feet taken from the table are 
value for each degree above 55°, and’ then to be used as above. 
subtract a like amount when the tem-| The makers of Aneroids have en- 
perature is lower. deavored to improve on Prof. Airy, and 
. In the above formula H and A are the| have made his scale of feet movable, 
barometric heights at the lower and |“ showing on the dial, without the aid of 
upper stations respectively, and D is the pencil and tables the height of any given 
difference in altitude in feet. place above another.” The observer is 

Prof. Airy’s formula is, omitting the| directed to bring the 0 point of the 
more refined corrections of the formulas | movable rim or scale to the point of the 
of La Place and Plantamour, ‘index when at the lower station, then at 

T+t—64 the upper station the altitude is indicated 
=) | at once by the pointer. 

964 | The use of such a scale leads only to 
Gen. Ellis offers as a convenient modi-| rough approximations, as it is based on 
fication. the assumption that certain differences 
T +¢—60\ | of pressure correspond at all heights with 
—*) | the same differences of elevation. The 

| writer of a recent article in Zngineering 

The direct use of a formula being in| (Oct. 1877) says of these scales: ; 
general too laborious to be satisfactory,| “However advantageous it might be to 
tables for facilitating the computations | have so simple a means of observing 


D=55032 


D=60500 (log. H—log. n(1 + 


D=60000 (log. H—log. h)(1+ 


have been constructed. Of these there | heights, truth compels the assertion that 
are many sets by different authors.|this movable scale is unscientific and 
Guyot’s, Williamson’s and Loomis’s are | misleading. Its effect is to make the 
well known and have been much used. | second differences of barometric inches, 

Many observers however desire to! for equal elevations, a decreasing series 
avoid even the amount of labor which instead of an increasing one; in fact, to 
such tables and formulas involve. To} reverse the character of the serial differ- 
meet such a want, in 1867 Prof. Airy|ences. The heights are only likely to be 
prepared a table for the use of the manu- | correct when the scale is adjusted to 30 
facturers of Aneroids, to be employed in| inches at the sea level. As the adjust- 
the graduation of a circle of feet meas-| ment is made further from 30, so the 
ures, concentric with the circle of inches. elevations are given more and more in- 
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accurate, always in defect as the heights 
increase. Thus from 26, at zero, to 15, 
it gives 12,300 feet, being 2000 in defect 
from 16, at zero, to 15 1000 feet: or 
nearly 700 in defect! It is evident that 
this movable scale is a gross misconcep- 
tion, and must generally give erroneous 
measurements.” 

Mr. Rogers Field, C.E.; in 1873, applied 


the movable scale to the Aneroid so| 


as to covert it from being a source of in- 
accuracy into an aid towards accuracy. 
He employs the altitude scale proposed 
by Sir G. Airy for temperature 50° but 
he makes it movable so as to adjust it 
for any other temperature. ‘The shifting 
of the scale into certain fixed positions 
is made to answer the same purpose as 
if the original scale were altered to suit 
various temperatures of the air. In the 
Journal of the Meteorological Society for 
1874, January, Mr. Field says: 

“The object aimed at in designing 
this improved form of Aneroid was, to 
simplify the correct determination of 
altitudes in cases such as ordinarily 
occur in England, and the instrument is 
therefore arranged to suit moderate ele- 
vations, say of 2000 feet and under, and 
is not intended for more considerable 
heights. 

“The Aneroid is graduated for inches 
in the usual way on the face, but the 
graduation only extends from 31 inches 
to 27 inches so as to preserve an open 
scale. The outer movable scale is grad- 
uated in feet for altitudes, and this grad- 


uation is laid down by fixing the movable | 


scale with the zero opposite 31 inches. 
This is the normal position of the scale 
and it is then correct for a temperature | 


turned until the figures corresponding to 
the air temperature are opposite to the 
pin, when the glass should be depressed so 
as to relock it, and the scale becomes 
correct for that temperature. The alti- 
tudes are in all cases determined by tak- 
ing two readings one at each station, and 
then subtracting the reading at the lower 
| station from that at the upper. 

“Tt will be seen from the foregoing 
description that the movable scale of the 
instrument requires to be set for tem- 
peratures before taking any observations, 
and must not be shifted during the pro- 
gress of the observations. 

“This may appear at first sight as a de- 
fect inasmuch as the temperature of the 
air may alter during the progress of the 
observations; but practically it will not 
be found to be any drawback in the case 
of moderate altitudes, as small variations 
of temperature will not appreciably affect 
the result. A variation of 5° of temper- 
ature gives only about 1 per cent. varia- 
tion in the altitude, an amount that 
would under ordinary circumstances be 
inappreciable, so that as long as the tem- 
perature does not vary during the course 
of the observations more than 5° from 
that at which the instrument is set, the 
results may be accepted as correct, and, 
generally speaking, even a greater varia- 
tion than this, say 6° or 8°, would be 
practically of no importance. Of course, 
if it should be found at any time that 
the temperature has varied considerably 
during the course of the observations 
‘from that at which the instrument was 





|set, this variation can be allowed for by 
/calculation in the usual way.” 
The principle of allowing for variation 


of 50°. For temperatures below 50° the |of temperatures of the air by shifting 
zero of the scale is moved below 31 inch-/|the altitude scale is not theoretically 
es for temperatures above 50° the zero of | accurate, but sufficientiy so for practical 
the scale is moved above 31 Inches. The | purposes. For altitudes within the range 
exact position of the scale for different | of the instrument (say 3000 feet and un- 
temperatures has been determined partly | der) and temperatures between 30° and 
by calculation and partly by trial, and | 70°, the maximum error from using the 
marked by figures engraved on the out- | shifted scale, instead of the calculation, 
side of the Aneroid. In order to insure |is only 2 feet, which is inappreciable on 
the altitude scale not being shifted after|the scale. The same principle might 
it has once been set in its proper position |even be applied to altitudes up to 6000 
there is a simple contrivance for locking | feet, as the maximum error would be 
it in the various positions. This consists only 10 feet. For considerable eleva- 
of a pin, which fits into a series of notch- | tions, however, the variations of the tem- 
es on the outside of the ring carrying the | perature between the base and the 
glass. By slightly raising the glass it is | summit would interfere with the applica- 
freed from this locking pin, and can be | tion of the principle. 
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Nevertheless the best plan is to dis” 
pense with altitude scales, whether fixed 
or movable, and to calculate the heights. 
Simple rules, giving more reliable results 
than the attached scales, are at the ser- 
vice of those who need easy processes. 


SUMMARY OF RULES AND DIRECTIONS 
FOR USING THE ANEROID IN MEAS- 
URING ALTITUDES, 


Ist. In the absence of a table to aid 
in computation, but having an Aneroid 
with the scale of feet, use the formula, 

H—A 
D=550005— h 
adding +}, of the estimated altitude for 
every degree, the average temperature is 
above 55°, and_ subtracting a like 
amount when it is below. JD, is the dif- 
ference of altitude in feet; H and A are 
the readings in feet from the Aneroid 
scale. This gives fair approximations 
up to 3000 feet. 

2d. Having Airy’s table, and an Aner- 
oid carefully graduated to inches; take 
the reading in inches of the barometric 
scale at both lower and upper stations, 
also the temperature at both stations. 
Find from the table the heights in feet 
corresponding to the barometer readings. 
Subtract them and correct the remainder 
b T+¢’—100 

Y ~T000 
The complete formula is 


T+¢—100 ) 

D=(H—A)+(14+-+ 
T and ¢ are the observed temperatures; 
H and hare the heights in feet taken 
from the table. 

3d. In the absence of this table, but 
with a table of logarithms at hand, the 
barometric heights in inches are to be 
taken, and the following formula used 


D=60000 (log. B—log. 5) 
(1 


B and d are the barometric readings in 
inches; D, T and ¢ as in the other formu- 
las. 

To avoid error from the constant 
changes in barometric pressure, the ob- 
servations should be simultaneous. This 
is accomplished in the best manner by 
using two instruments, and requires, 


T *) 
+ 900 . 





when the distance between the stations 
is considerable, two observers. With 
one instrument only, large errors are 
avoided by repeating the observation at 
the first station after taking that at the 
2d station, and assuming that any change 
in barometric pressure that has occurred 
has been gradual during the absence. 

Many Aneroids marked “ compensated ” 
exhibit a sensible change wlien the tem- 
perature is varied; such instruments may 
be serviceable and quite accurate if 
allowance be made for the error of the 
instrument. This correction the owner 
had better determine by experiment. It 
is easy to subject the Aneroid to such 
variation of temperature as shall embrace 
the range at which it is likely to be used, 
and the movement of the index for each 
10° or 20° of temperature recorded. 

Aneroids require to be compared from 
time to time with a good mercurial baro- 
meter. While making such comparisons, 
it is well to remember that the mercurial 
column and the scale by which it is 
measured both require correcting, and 
that during times of rapid changes, in 
atmospheric pressure, the Aneroid shows 
such changes more readily than the 
mercurial barometer. 

In measuring heights with the Aner- 
oid care should be taken that the instru- 
ment is not influenced by the heat of the 
hand nor by the direct rays from the 
sun. 

The instrument should always be 
tapped gently with the finger at the 
moment of taking an observation. 

Considerable care is also required to 
determine exactly where the index 
points. It is best accomplished by 
sighting along the pointer, using one 
eye only for the purpose. 

The following example will illustrate 
the use of the table. 

Barometer at Station A 30.04 Thermometer 78° 
_ * * San 65 

From the table we find height corre- 
sponding to reading at A is 858 feet. 
The height for B is 2120 feet. 

The approximate height is 2120—858 
=1262 feet; but the sum of the tempera- 
tures is 143°. An additional correction 
of +4%> is, therefore, to be applied to the 
above difference; this is 54 feet. The 
total estimated difference of altitude is 
then 1262+54=1316 feet. 
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Having read both barometer and thermometer at both stations—Find in the table the altitudes 
Subtract them and multiply the remainder by 


corresponding to the barometric readings. 


14 THE 100 


100 


T and ¢ being the temperatures. 





Barometer 
Readings. 


Heights. 


Barometer 
Readings. 


Heights. 


Barometer 
Readings. 


Heights. 


Barometer 
Readings. 


Heights. 





Inches. 
31.00 
30.98 

, 30.96 


J] 
_ 


BSSSSSSSSESS 
SRSSRESSE 


SSSs 
BIR 


SSSESSSSLSSSEESEERLVVSSeeyeeeeezerezeses 


30. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
30 

30. 
30. 
30 

380. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
30 

30. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
29. 
29. 
29. 
29. 
29. 
29. 





Inches. 
29.86 
29.84 
29.82 











Feet. 
1021 
1039 
1058 
1076 
1094 
1113 
1132 
1150 
1169 

- 1187 
1205 
1224 
1242 
1260 
1278 
1296 
1314 
1333 
1352 
1370 
1389 
1408 
1426 
1445 








Inches. 
28.72 
28.70 
28 68 
28.66 
28.64 
28.62 
28.60 
28.58 
28.56 
28.54 
28.52 
28.50 
28.48 
28.46 
28.44 
28.42 
28.40 
28.38 
28.36 
28.34 
28.32 
28.30 
28.28 
28.26 
28.24 
28.22 
28.20 
28.18 
28.16 
28.14 
28.12 














Feet. 
2082 
2101 
2120 
2139 
2158 
2177 
2196 
2215 
2234 
2253 
2272 
2291 
2310 
2329 
2349 
2368 
2387 
2407 
2426 
2445 











Inches, 
27.58 
27.56 
27.54 
27.52 
27.50 
27.48 





Feet. 
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Barometer . Barometer ‘ 
Readings. | Heights. Heights. 


Barometer Heights. Barometer Heights. 


Readings. Readings. 
Inches. Feet. Inches. Feet. Inches. Feet. Inches. | Feet. 
| 


Readings. 





26.44 4336 25.12 5733 28.80 72038 
26.42 4357 25.10 5754 23.78 7226 
26.40 4378 25.08 5776 23.76 | 7249 
26.38 4399 25.06 5798 23.74 | 7272 
26.36 4419 25.04 5820 23.72 7294 
26.34 4440 25.02 5842 23. 7316 
26.32 4461 25.00 5863 3. | 7839 
26.30 4482 24.98 5885 . 7363 
26.28 4502 24.96 5907 3. 7386 
26.26 4523 24.94 5929 .62 | 7409 
26.24 4544 24.92 5950 7433 
26.22 4565 24.90 5972 3. 7456 
26.20 4585 24.88 5994 : 7480 
26.18 4606 24.86 | 6016 . 7503 
26.16 4627 24.84 6038 23. 7527 
4648 24.82 6060 28. 7550 
4669 21.80 | 6082 23. | F574 
4690 24.78 6104 3 4G 7597 
4711 24.76 6126 
4731 24.74 6148 
4752 24.72 6170 
4773 24.70 6192 
4794 24.68 6214 
4815 24.66 6236 
24.64 6258 
24.62 6280 
24.60 6302 
24.58 bi 
24.56 
24.54 
24.52 
24.50 
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Readings. Heights. | 


Barometer 


Readings. Heights. 


| Barometer 
| Readings. 
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|| Barometer 


|| Readings. Heights. 


Heights. 








Feet. 


10798 
10824 
10850 
10876 
10902 
10928 
10954 
10980 
11006 
11032 
11058 
11084 
11110 
11136 
11163 


Inches. 


20.86 
20.84 
20.82 
20.80 
20.78 
20.76 
20.74 
20.72 
20.70 
20.68 
20.66 
20.64 
20.62 
20.60 
20.58 


Feet. | 
10406 || 
10432 } 
10458 
10484 
10509 
10535 
10561 
10587 
10613 
10646 
10667 
10694 
10720 
10746 
10772 


Inches. 














Feet. 


11591 
11618 
11645 
11673 
11700 
11727 
11754 
11781 
11808 
11835 
11863 
11891 
11918 
11945 


Inches. 
20.26 
20.24 
20.22 
20.20 
20.18 
20.16 
20.14 
20.12 
20.10 
20.08 
20.06 
20.04 
20.02 
20.00 


Feet. || 


11190 
11217 
11248 
11270 
11297 
11324 
11351 
11377 
11404 
11431 
11457 
11483 
11509 
11536 
11563 


Inches. 











The formula directly applied is 


) 


= 1316.26 | 
Applying the 3d method we should get, 
using logarithms 


Log. B 30.04=1.477700 
©} 28.68=1.457579 


D=(2120—858) (1’+ 


Log. B—Log. 6=0.020121 
78+65 ==") 
900 
=1207.26 x 1,83,=1318 feet. 

The following suggestions to buyers 
of Aneroids we take from Gen. Ellis’s | 
pamphlet : 

“Tf you are not a good judge of the 
/—ame, go to the best maker or sel-_ 
er. 

“If you want accuracy prefer a brass| 
ease. The back plate of the mechanism | 
being secured to the case, if they are of | 


D=60000(.020121) (1 + 


number of inches you desire. From six 


to ten inches is a good range for engi- 


neering purposes. About three quarters 
of the circumference can be made to 
read accurately. 

“For a pocket Aneroid buy the largest 
that can be conveniently carried in the 
pocket, and not the very smallest size. 
Two to two and one-fourth inches is a 
convenient size, and can be made accu- 
rate. 

“If the dial has a scale of feet, see 
that it is graduated according to some 
correct formula, by taking off the num- 
bers corresponding to each inch and 


‘comparing them with some known table 
or formula. 


“The instrument should have a case, 


|so that the heat of the hand shall not 


derange it when observing. 

“It is better also to have a thermo- 
meter in the dial inside the scale, and 
dropped lower down, so as not to inter- 
fere with the index. 

“Instruments that have the zero of 
the foot scale at thirty inches, particu- 


different metals, as brass and silver, I 
pre rate of expansion by ment larly those having movable scales are 
sometimes causes error. 'generally erroneously graduated, the 
_ “Examine, the dial and see if the divi-| nse a“ being pa ste at shiver 
sions are engraved. If they are stamped | that should be commenced at thirty-one 
upon it the instrument is probably worth- | inches; they are moreover inconvenient 
less for accurate observations. The | to yse.” 
dial should be electro-plated, and not 

washed. See that the index is fine and | 
slender, and lies close to the dial. It is| 

best of blued steel. Have no central; After having reached a depth of 328 
pointer for showing the position of the| feet, M. Godin Lemaine, in boring for 
index. There should be a small steel | coal at La Chapelle, has met with clayey 
pointer attached to the rim, as has been | schists, and has therefore abandoned the 
described. See that the dial has the search. 

Vor. XVIIL—No. 3—14 
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THE TRANSMISSION OF POWER TO DISTANCES. 
" By HENRY ROBINSON, M. Inst. C. E. 


Minutes of Proceedings of the Institution of Civil Engineers. 


Ir is proposed in this Paper to record | powers granted under this Act were to 
some facts that have come within the/ be exercised over an area of sixty acres, 
Author’s experience, or have been com-| and they authorized the abstraction from 
municated to him, respecting the | the old harbor of the river Hull (a tribu- 
various methods employed to transmit) tary of the river Humber) an amount of 
motive power, with a view of considering | water not exceeding 1,000,000 gallons 
the circumstances under which one sys- a day, for distribution within the com- 
tem would be preferable to another.) pany’s district, for which a payment was 
Hitherto the economical production of | to be made to the Corporation of £12 10s 
power in the motor, and its utilization in| per annum for each 250,000 gallons; the 
the appliance to which it is conveyed, | water to be used for no other purpose 
have been made the subject of more | than as a motive power, except with the 
general and careful investigation than | consent of the Corporation. 
the means of economical transmission. A 6-inch pressure main has been laid 

Water pressure was recognised by|from the northern boundary of the de- 
Bramah as affording, on account of its) fined area, near the Cottingham Drain, 
incompressibility, a favorable medium in a southerly direction along Wincolm- 
for the transmission of force; and it was! lee, Trippett, Dock Office Row, under 
utilized by him by means of a small, the Old Dock Basin (which forms the 
pump at a high pressure, acting with the eastern or river Hull entrance to the 
least possible loss by friction on a large | Queen’s Dock), and crossing this en- 
piston or ram, thus obviating the neces-| trance it is laid along the whole length 

of High Street, terminating close to the 
outh Bridge 
The length of 


sity for gearing. 
The hydraulic system, in its present, western approach of the 
wide field of application owes its origin, across the river Hull. 
however, to Sir William Armstrong, Vice-| pressure main, exclusive of the dock 
President Inst. C.E. (to whom the Author | crossing, is altogether 1,485 yards, that 


on the north side of the dock entrance 


desires to acknowledge indebtedness for | 
his earliest experience in this branch of | 
engineering), who in the year 1846 erect- 
ed on the Newcastle Quay the first hy- 
draulic crane. This has been followed 
by the application of water pressure to a 
variety of purposes with great advantage, 
especially where the appliances are inter- 
mittent in their requirements. ‘The suc- 
cess which has attended the working of 
the system has suggested its extension | 
to towns, on the co-operative principle, | 
by laying power mains. The first of 
this kind has recently been carried out 
by the Author, of which the following is 
a description. In the year 1872 an Act 
of Parliament was obtained for the pur- 
pose of establishing, at Kingston-upon- 
Hull, what was termed in the preamble 
“a system for applying motive power by 
hydraulic pressure to waterside and 
land cranes, used for the purpose of rais- 





ing and landing goods; and for working 
dock gates and other machinery.” The 


being 673 yards in length, and that on 
the south side 812 yards. Except at the 
dock crossing the main consists of cast- 
iron flanged pipes, of six inches internal 
diameter, one inch thick, with the usual 
spigot and faucet, and with gutta-percha 
ring joints tested to 2,800 pounds per 
square inch before being laid, and after- 
wards to 800 pounds per square inch. 
Stop-valves at intervals, having a 
waterway equal to that of the main, 
divide the main into sections. Air- 
cocks are fixed on all summits, by which 
the air is displaced in charging the main. 
T-pieces for 2-inch, 3-inch, and 4-inch 
branches are placed at convenient points, 
from which service-pipes can be carried 
to the various warehouses, works, &c. 
The main was laid across the dock en- 
trance, in a trench dredged to the in- 
verts forming the dock bottom, the solid 
obstructions met with being removed 
and the bottom levelled by a diver. 
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The pipes across the dock are of six 
inches internal diameter, made of welded 
wrought iron # inch thick, bent to tem- 
plate to suit the curves of the sides and 
bottom of the dock, and were tested to 
3,000 pounds per inch at the manufac- 
turer’s. 
side of the dock, and tested to 4 ton to 


the inch before being lowered into the | 
trench. This was done from barges, | 
and when the pipes were in position they | 
were well concreted, to protect them | 
from being injured by anchors or by'| 


weights falling overboard from ships. 


This part of the work has been tested in | 
an unexpected way by the stranding of | 


a large ship over the pipes, which, how- 
ever, were in no way injured. 


The power to supply the water press- 
ure is concentrated at one pumping sta- 
tion in Machell Street, where an engine- 
house has been built to reccive four sixty 
horse-power engines. The ground being 


silty and bad, the foundations were, 


carried down to the hard clay, a depth 
of twenty-four feet, the walls being 
built on arches resting on concrete piers. 
The engine-house is covered by a tank 
fitted with filtering boxes, through which 
the water pumped from the river Hull 
passes before it is delivered to the en- 
gines. 
zontal pumping engines have been 
erected, each engine being of sixty horse- 
power, and capable of pumping 130 gal- 
lons per minute at 700 pounds pressure 


per square inch, with steam at 100. 


pounds pressure. The steam cylinders 
are 12} inches in diameter and the length 
of stroke 24 inches; the force pumps, 
which are double-acting, have a 4;%,-inch 
piston, the piston rod being 34 inch in 
diameter. Space is provided in the en- 
gine-house for two additional pairs of 
sixty horse-power engines, which can be 
erected at a future time when the 
demand for the water pressure requires 
further engine power. Two Lancashire 


boilers, twenty-two feet six inches long 


and six feet six inches in diameter, sup- 
ply steam to the engines. 


An Appold centrifugal pump (in dupli- 
cate), fixed in the engine-house, draws 
the water from the river Hull, a distance 
of 125 yards, through a 10-inch pipe, 
and delivers it into the tank, the lift 
being thirty-five feet from low tide. 


\ 


They were put together at the | 


Two pairs of high-pressure hori- | 
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|The pump has an 8-inch suction, and is 
| driven by a Brotherhood’s 4-inch three- 
| cylinder engine, also in duplicate. Each 
‘engine and pump supply 800 gallons of 
| water per minute, with 100 pounds steam 
|pressure. A 6-inch return pipe is laid 
from the tank to the river, serving both 
/as an overflow pipe and as a means of 
cleaning out the tank. 

In connection with the hydraulic sys- 
tem, the “accumulator” fulfills an im- 
portant office, and may be described as 
an apparatus to accumulate at a constant 
pressure, which is obtained by a load, 
the power given out by a steam engine. 
A cast-iron cylinder has a ram working 
in it, from the top of which a weighted 
‘ease is suspended by a crosshead. The 
weight in the case is adjusted to give 
the desired pressure on the column of 
/water pumped by the engine into the 
cylinder of the accumulator, from which 
it is conveyed through the main to the 
points of consumption. The accumula- 
tor, besides serving to produce an arti- 
ficial head, also stores up the water 
pumped when it is in excess of the water 
consumed; and, in fact, performs in the 
hydraulic system the functions of the 
fly-wheel of a steam engine. As the 
consumption of water by the machines 
connected with the main falls below the 
supply of water pumped by the engine, 
the ram rises and stores in the cylinder 
the excess, until the ram has risen to 
the top of its stroke, when it cuts off the 
steam from the engine by closing the 
throttle valve. On the other hand, when 
the consumption of water by the ma- 
‘chines is greater than is being supplied 
at the time by the engine, the ram falls 
and supplies the deficiency, at the same 
time opening the steam throttle valve 
by which the full power of the engine is 
brought into operation. The accumula- 
tor thus acts both as a reservoir of 
power and as a conservator of its dis- 
tribution. 

One accumulator is erected at the 
pumping station in Machell Street. It 
has a diameter of eighteen inches, and a 
stroke of twenty feet. The case is 
loaded with 574 tons of copper slag and 
‘sand, which produce a pressure of 610 
| pounds per inch in the main. Provision 
\is made for an additional accumulator 
|at the pumping station when required. 
! Another accumulator will be placed at 
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Grimsby Lane, towards the southern ex- 
tremity of the line of main. 

Several observations were made to) 
ascertain the useful effect of the engines | 
and accumulator, and the mean was} 
found to be seventy-six per cent., five, 
per cent being the loss in the pumps. 

The outlay has been £17,000. 

In carrying out these works, the 
Author received every assistance from 
the Hull Dock Company, and their En- 
gineer, Mr. Marillier, M. Inst. C.E.; 
from the Corporation of Hull and their) 
Engineer, Mr. J. Fox Sharpe, M. Inst. | 
C.E., and from Mr. Thornton, who acted 
as Resident Engineer. The pipes were 
supplied by the Staveley Coal and Iron 
Company; the machinery by the Hydrau- 
lic Engineering Company. 

The Dock Company has taken a 4-inch | 
branch off the power main to work) 
cranes and appliances on the south side | 
of the Queen’s Dock, for which it pays 
4s, per 1,000 gallons of water, with a 
minimum charge of £200 per annum for, 
the first fifteen connections, and a) 
further charge of £15 per annum for) 
each connection above that number. 

The following tariff has been issued 
by the Company of the rates at which it | 
is proposed to supply the water power: 


l 

ships, are preferred to fixed cranes, the 
| power being taken off the main by hy- 
drants connected with the crane by pipes 
having union joints. In railway yards 
it is applied to capstans for hauling 
wagons and making up goods trains, sav- 
ing both space and horse power; also to 
wagon hoists, swing and draw bridges, 
traversing machines, &c. It is employ- 
ed to work shop tools, flanging presses, 
riveting machines (the rivets being closed 
by a squeeze instead of by the blow of a 
hammer), also to forging iron by passing 
it at a welding heat, into the desired 
shapes in moulds, resulting both in a sav- 
ing of material and subsequent shaping, 
and in causing the fibre of the iron to 
follow the form of the object produced 
to an extent*not possible under the ham- 
mer. In the moulding shops of a foun- 
dry, hydraulic power is found preferable 
to the ordinary gearing, owing to the 
absence of vibration in its working. It 
is used on board ship to work the steer- 
ing gear, to raise the anchor, and to lift 
and discharge goods. The 100-ton gun 
recently made at Elswick for the Italian 
Government has hydraulic apparatus ap- 
plied to it, by which the recoil is taken 
up in less than 46 inches. A _ special 


crane to lift this gun at Spezia has been 


‘arranged, the novel feature of which 


&. 
‘*1 crane in one warehouse... 52 per annum. 
2cranes ‘‘ i in ” 
3 “ee 
° 4 a 


ce “ec 


. 2. 132 
... 166 


“sé “<e “se 


consists in the cylinder being suspended 


|from the jib-head which, acting directly 
|with the load, enables the lowering of 


the gun to be regulated by the escape of 


‘the water from the cylinder. 


‘Each crane will have a counter attach- 
ed to it to register the amount of work | 
done. One hundred tons may be lifted | 
40 feet or 200 tons 20 feet, and so on| 
each day by each crane for the above | 
charge, which is under $d per ton fora) 
lift of 40 feet. If more work than this) 
is done, the extra work will be charged | 
at the tate of 4s. for every additional 100 | 
tons lifted 40 feet. Special rates will) 
be made for working presses, hydraulic | 


engines, capstans, smail cranes, &c., as | 


occasion arises.” 


The numerous purposes to which hy- | 
draulic power is applied may be briefly | 
It is employed in docks in| 
working cranes, jiggers, hoists, in opening | 


referred to. 


dock gates and sluices, and for capstans 
to haul ships. Cranes capable of travel- 
ing along the side of the dock, so that 
they can be adjusted to suit the holds of 


Where the ordinary pressure of about 
700 pounds to the inch is insufficient to 
work shop tools or presses, it can be in- 
creased by the intervention of an intens- 
ifier, which is a machine having two 
cylinders in line with each other. In 
the one the pressure of 700 pounds is re- 
ceived on a piston of large area, acting 
directly on a ram of lesser area in the 
second cylinder. The areas of the piston 
and ram can be proportioned to increase 
the pressure to any required degree. 

In cold climates the pipes and ma- 
chines are, as a rule, placed either under- 
ground or in buildings. Where the parts 
are unavoidably exposed the usual pre- 
caution adopted is either to run out the 
water when the machines are not work- 
ing, or to keep a gas jet burning near 
them. Where water is scarce, a return 
pipe conveys the waste water from the 
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machines back to the engines for use over 
again. 

The advantages that will accrue from 
the introduction of a main to distribute 
power, by means of water pressure, are 
considered to be as follows: 

The consumer will effect a great 
reduction of expense where he is using 
hand power; and where steam power 
is employed, the engines, boilers, ‘and 
the skilled labor required to attend 
to them can be dispensed with, the space 
saved being made available for other 
purposes; while at the same time the risk 
of fire is removed. In Hull the substitu- 
tion in warehouses of hydraulic power 
for steam power will cause a reduction in 
the rates of insurance of 1s. per cent. per 
annum, which would represent a consid- 
erable saving in the numerous warehouses 
storing grain, seed, &c., disastrous fires 
in them being of frequent occurrence. In 
the bonded warehouses of docks, steam 


power is not, as a rule, permitted ; but | 
where steam cranes are employed it in-| 
volves considerable increase in the fire risk | 
to those warehousing in the buildings | 


served by them. 
Great acceleration of business will be 


produced compared with hand power, as | 
goods, whether from ships or wagons, | 


can be discharged with increased rapid- 
ity, hydraulic cranes lifting, from 6 to 
10 feet a second, an average of about 
1,000 foot-tons per hour. The number 
of men on the premises can be reduced, 
hydraulic appliances being worked by a 
few unskilled laborers. The upper floors 
of warehouses can be more utilized, and 
higher floors can be advantageously 
added to existing buildings. The power 
will be always and instantly available to 
meet the requirements of the consumer 
and at a cost to him only in proportion 
to the power absolutely consumed. The 
system can also be utilized to extinguish 
fires, by pumping against a loaded valve 
and air-vessel at about 100 pounds to 
the inch. At the St. Katharine Docks 
a complete system of this kind has been 
carried out, and has, in several instances 
enabled fires to be promptly overcome. 

The pressure in Water Companies’ 
mains has been used to work lifts and 
other machihes. The cost, however, of 
pure water, added to its low pressure, 
prevents its being employed except to a 
limited extent. 


Before leaving the subject of the dis- 
‘tribution of power by water mains 
|charged at a high pressure, it may be in- 
teresting to quote the following opinion 
of the late Sir W. Fairbairn, Bart., M. 
Inst. C.E., with whom the Author and 
Mr. J. S. Wilkinson, M. Inst. C.E., were 
in communication, in the year 1867, as 
to the application of the hydraulic system 
by means of power mains in Manchester. 
“Your proposal to erect steam engines 
and lay down pipes for the purpose of 
working accumulators for supplying hy- 
draulic power in different localities of 
the city of Manchester seems to have 
several advantages over the system now 
in use in the different warehouses where 
steam is employed. In the first place, it 
would remove steam engines and boilers 
from the premises, lessen the risk from 
fire and boiler explosions; and, secondly, 
it would supply the necessary power to 
work cranes, hoists, hydraulic presses, 
&c., in these depots on principles of in- 
creased security.” 

In the transmission of power by water 
at a high pressure, the loss due to fric- 
| tion in the main is but trifling, eompared 
| with the total pressure, when the main | 
is well proportioned with reference to 
the position and amount of power re- 
quired to be consumed, and when ac- 
cumulators are placed at proper intervals 
to maintain the pressure. Where the 
original smoothness of the pipe is de- 
stroyed, by deposits taking place on its 
inner surface, an increase in the skin 
friction will result, together with a 
diminution in the size of the pipe. As 
the loss of head varies inversely as the 
fifth power of the diameter, the loss will 
from this cause in time become apprecia- 
ble. In the case of the 6-inch main at 
Hull, the loss of pressure due to friction 
at a point 1,500 yards from the engine, 
would be about five pounds per inch, 
with one pair of engines working at its 
maximum speed, delivering 130 gallons 
of water at 700 pounds pressure per 
|minute, or four times that loss if both 
= were working delivering twice 
| 








that amount of water. The erection of 
a second accumulator at the end of the 
main, remote from the engine, as in- 
tended, will practically place that part 
of the main in the same position as vo 
|pressure as the main near the engines. 
‘This arises from the fact that the water 
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pressure being withdrawn from the main 
in an intermittent manner, the intervals 
bet ween the periods of water abstraction, 
however short, enable the continuity of 
pressure between the engine and the 
distant accumulator to be maintained, 
and the effect of the loss of head due to 
friction to be practically compensated 
for. At a point midway between the 
engine and the second accumulator, it 
can only reach 14 pounds and 5 pounds 
per inch, or about 4 and | per cent. as 
maxima, when one or both engines are at 
work. 

Gauges have been placed on a main 
composed of 4-inch, 3-inch, and 2-inch 
pipes, in the Great Western railway yard 
at Paddington, at points from 1,000 to 
1,600 yards apart, and the pressure has 
been found to be practically the same 
during the working of the machines in 
the usual way. At Swansea, wherever 
the pressure in the main has been tried, 
it has been found to be uniform; close 
to the accumulators it is greater, and at 
the accumulators themselves the press- 
ure has been raised to 900 pounds by 
keeping the engine going. 


Contractions in the main, either 


. through the waterway of the valves be- 


ing less than that of the pipes, or 
through a reduction in the size of the 
pipes, give rise to fluctuations of pressure 
at variance with the uniformity attaina- 
ble when the main is properly propor- 
tioned. These fluctuations are explained 
by the fact that, where a fluid passes 
from a large toa smaller pipe, a diminu- 
tion of pressure takes place correspond- 
ing with the diminution of sectional 
area. The converse applies to the case 
of the passage of a fluid from a small to 
a larger pipe. The fluid, on entering 
the larger pipe, travels at a diminished 
velocity, which implies the existence of 
a greater pressure in front than behind 
it. Water passing from a small pipe 
through a large one, and then to a simi- 
lar sized small pipe, will return to its 
original pressure after the interval of in- 
creased pressure, provided there are well- 
tapered junctions at the points of change. 
It follows, then, that changes in the 
sizes of the main result in changes of 
velocity, and therefore of pressure, by 
Bernoulli’s law that the pressures vary 
with the differences of the squares of 
the velocities. Disregarding friction, 


the pressure in a main of uniform size 
will be constant if the water pumped in- 
to it is sufficient to replace that with- 
drawn; in other words, where the veloc- 
ity is constant, but where contraction 
takes place, a diminution of pressure 
will be experienced throughout the con- 
tracted length unless an accumulator is 
placed there—in which case it practi- 
cally remedies the inequality of pressure 
by preserving the uniformity of flow. 

This subject has been considered with 
respect to ship resistance by Mr. Froude, 
M. Inst. C.E. 

Water power may, therefore, be re- 
garded as capable of transmission with 
but trifling loss. In the machines them- 
selves, the useful effect is as high as 
ninety per cent. in direct-acting appara- 
tus, and as low as fifty per cent. in 
cranes with great multiplying power. 

Mr. Percy Westmacott, M. Inst. C.E., 
has enabled the Author to give some in- 
formation respecting the practice at 
Elswick, where the co-efficients of effect 
obtained in hydraulic machines of ordi- 
nary make are taken as follows: 





Direct-acting 
2 tol 


These co-efficients are based on ordi- 
nary hemp packing (well-made cupped 
leathers increase the efficiency), and 
with sheaves and wrought-iron pins, 
there being no exceptional arrangements 
for lubrication. Where, however, spe- 
cial precautions have been taken, such as 
in the traversing machines which were at 
work some years ago at St. Pancras 
goods station, where a large diameter 
of sheave, and a small diameter of 
hard steel pin were employed together 
with careful fitting of parts, the efficiency 
multiplying 20 to 1 was as high as 66 
per cent. This machine had a travel of 
200 feet with a load of 17} tons. 

It is considered that the co-efficient of 
effect obtained from a steam engine 
pumping into an accumulator may be 
taken at 81.7 per cent, the amount lost 
by friction in the accumulator gland be- 





ing 8.3 per cent. It is found by experi- 
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ment that the difference of pressure with 
the accumulator at 700 pounds rising or 
falling is about 30 pounds, representing 
2.14 per cent of effect. The compounded 
efficiency will, therefore, be ascertained 
by combining the efficiency of the en- 
gine, which has been shown to be 76 per 
cent. at Hull, with the above varying 
rates of efficiency. 

In 1865, Mr. Hawthorn, in his Paper 
on Docks and Warehouses at Marseilles, 
gave, as the result of some experiments, 
the compounded effect as 30, 45, and 60 
per cent. In explanation of these ad- 
mittedly low results, it was shown that 
the machines on which the experiments 
were made were all new; and further, 
that the water, after being used, was 





forced back through a _ considerable 
length of piping to a cistern over the en- | 

ine-house. In 1862, Mr. Abernethy, | 

ice-President Inst. C.E., in a Paper on! 
the Port of Swansea, made a deduction 
of 20 per cent. from the water delivered 
by the engines to work: the hydraulic 
machinery as an allowance for friction 
and leakage. 

Hydraulic appliances cause a waste of 
water when the maximum capabilities 
of the machine are not exerted. In the 
case of a hoist to raise a loaded goods 
wagon, the hoist may occasionally be 
used to lift only an empty wagon, when 
as much water is consumed as would be 
required to lift the loaded one. It must, 
however, be remembered that no power 
is being consumed in any way during 
the intervals between the operations, and 
the conservation of power in these inter- 
vals may be considered as compensating 
for the occasional wasteful consumption 
at the moments of its employment. The 
load to be lifted by cranes can be ad- 
justed by an arrangement of valves so 
that the amount of water used is regu- 
lated to single or double power. If this 
adjustment could be carried further, it 
would enable the variations in the work 
to be still better equalized, and would 
lessen the objection to water not ad- 
mitting of being worked expansively. 

In the Albert Dock of the Hull Dock 
Company a sixty horse-power engine 
supplies water for working an 80-feet 
swing-bridge, nineteen hydraulic engines 
working gates, sluices, and capstans, 
three 20-ton coal hoists, one 15-ton 





crane, one three-ton crane, and thirty- 


four 14-ton cranes. By permission of 
Mr. Marillier, the Engineer of the 
Company, the following data have 
been obtained. These machines are 
worked at a pressure of 775 pounds per 
inch, through 5,350 feet of 5-inch pipe, 
1,400 feet of 4-inch pipe, with 3-inch 
and 2-inch branches to the dock gates 
and warehouses.. The cost of supplying 
water power for the year 1875 was 
£1,367 3s. 1d., which gives, after taking 
80 per cent. as the useful effect of the 
water after delivery into the main: 


d. 
Engine power 0.24 per 100 foot-tons . 


15 per cent. for interest 
on capital and depre- 


0.88 
ciation oe 


Add for repairs 


At Cotton’s Wharf, London, there are 
ten 25-cwt. hydraulic cranes lifting 40 
feet, four 2-ton single-power cranes, one 
4.2-ton double-power crane and one 48- 
ton press worked at a pressure of 700 
pounds per inch; the cost when only six 
cranes were in operation, which is the 
average number, was 


d. 
0.63 per 100 foot-tons. 
t 1.26 “ 
1.89 


Engine power 
15 per cent. for interest 
“and depreciation. ... 


“ec 


The cost of labor at the cranes was 
0.46d. per 100 foot-tons, If the whole 
of the sixteen appliances were working, 
the cost would be 


d. 
0.23 per 100 foot-tons. 
0.47 “ 


0.70 “ 


The labor at the cranes being the same 
as before, namely, 0.46d. per 100 foot- 
tons. 

At the St. Katharine Docks, engines 
of 140 horse-power, nominal, pump 
5,000,000 cubic feet of water annually at 
600 pounds pressure through 1,200 yards 
of 7-inch main, supplying power to work 
a swing-bridge and upwards of seventy- 
five cranes, hoists, and presses. The 
power exerted annually is nearly 
193,000,000 foot-tons, or, taking 80 per 
cent. efficiency, more than 154,000,000 
foot-tons. 


Engine power 
15 per cent. for interest 
and depreciation. . .. 


“< 


ad 
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The cost of the engines, boilers, ac- 





; t £. | At the Great Western railway station 
cumulators, pipes, and appliances... =35,000| 9¢ Paddington, a seventy horse-power 
— + ee er er —12.009 engine supplies water at 700 pounds per 
A REDE LLANES CO BP ae "| Square inch to two wagon hoists, three 

The cost of water delivered into the | hauling machines, twenty turntables, 
main, including coal, wages, repairs and fifty-four 25-cwt. cranes, sixteen hoists, 
supervision, 1s 10s. per 1,000 cubic feet. | three capstan engines, three traversing 
The cost of the water power is therefore tables, two draw-bridges, one ticket- 
as follows: printing machine, and four dropping 
platforms. According to Mr. H. Kirtley, 
the average consumption of water is 
25,600,000 gallons per annum, obtained 
; — a from the Water Company at 4d. per 
1.49 ' 1,000 gallons, one-fourth being returned 
At the London Docks, engines of 185 and three-fourths run to waste. The 
‘nominal horse-power pump 7,000,000 | cost of supplying this appears to be 
cubic feet of water per annum, of which 1.104. per 100 foot-tons, taking 80 per 
4,250,000 cubic feet are pumped at 750 | cent. efficiency of water delivered, and 
pounds pressure through 1,450 yards of allowing 15 per cent. for interest and 
5-inch pipe, 640 yards of 4-inch, and ter- depreciation, or adding 0.13d, per 100 
minating with 550 yards of 3-inch. The | foot-tons for repairs= 1.23d. per 100 


d. 
Engine power =0.39 per 100 foot-tons. | 
15 per cent. for in- 
terest on capital 


and depreciation. 


«é 


a=.20 “ 


se 


remaining 2,750,000 cubic feet are, 
pumped at 650 pounds pressure through | 
750 yards of 6-inch pipe. These jointly 
work the swing-bridges, lock-gates, an | 
upwards of eighty cranes, hoists, presses, 
&e. 

The cost of water delivered into the | 
main, including coals, wages, repairs, | 
and supervision, is 10s. per 1,000 cubic 
feet. The cost of the power will there-| 
fore be as follows: 


d. 
0.33 per 100 foot-tons. 
0.88 sé 
1.21 | 
At the Victoria Docks, engines of 280 | 


nominal horse-power pump 8,000,000 
cubic feet per annum at 780 pounds 


Engine power 
15 per cent. for interest 
and depreciation... . 


“é 


700 yards of 5-inch 
pipe, 2,000 yards of 4-inch, terminating 
with 200 yards of 3-inch pipe. The 
power exerted is 401,000,000 foot-tons, 
or 321,000,000 foot-tons at 80 per cent. 
efficiency; and this power is applied to} 
working a swing-bridge, lock gates, cap- 
stans, and upwards of one hundred 
cranes and hoists. 

The cost of water delivered into the 
main, including coals, wages, repairs, | 
and pany, is 10s. per 1,000 cubic | 


feet. The cost of the power will there- | 
fore be as follows: 


pressure = 
8 





d. 
0.33 per 100 foot-tons, | 
0.88 “ 


a * 


Engine power 
15 per cent. for interest ) 
and depreciation.... § 


“ 


6 


foot-tons. 

At the Swansea Docks, the amount of 
water pumped in the year ending Mid- 
summer 1876 was 20,750,000 gallons, 
at 700 pounds per inch, and the working 
expenses were: 

£. 3s. d. 


1,056 19 9 


13415 5 


699 14 1 
1,891 9 3 


412 6 10 
244 7 6 


£656 14 4 


The cost will therefore be, taking 80 
per cent. for the useful effect of the 
water delivered iuto the main:— 


Wages and repairs...... 
Materials 


d. 
0.38 per 100 foot-tons.. 


toe ” 
1.04 ‘ 


The extra cost for wages, repairs, and 
materials would be 013d. per 100 foot- 
tons, making the total cost 1.17d. per 100 
foot-tons. 

The following is a summary of the 
foregoing data, and represents the cost 
of water power at pressures varying 


Engine power 

15% (on £22,000) for 
interest and depre- 
ciation 


se 


“<é 


‘from 600 to 780 pounds per square inch, 


taking 80 per cent. as the efficiency of 


‘the water pressure after delivery into 
|the main, and allowing 15 per cent. for 


interest and depreciation. 
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d. 
Albert Docks, Hull.... 1.25 per 100 foot-tons. 
Cotton’s Wharf (maxi- 


“oo 


se 
“cc 
se 


“< 


St. Katharine Docks... 
London Docks 
Victoria Docks 


se 


se 


Herr Pfaehler has given particulars of 
the employment of water at the Sulzbach 
Altenwald colliery, near Saarbriicken, to 
transmit the power from a steam engine 
at the surface to work pumps at the bot- 
tom of a shaft 306 yards deep. The 
steam engine has a cylinder 53 inches in 
diameter and 61.5 inches stroke, connect- 
ed with pressure plunges 9 inches in di- 
ameter and the same stroke, and these 
plungers are brought into connection 
with an under ground pumping engine, 
consisting of four pressure pumps, with 
plungers 6 inches in diameter and 66 
inches stroke, arranged in pairs, and put 
in motion alternately by the surface 
plungers. Between each pair of plung- 
ers, which are connected by a crosshead, 
is placed the working plunger of one of 
the mine pumps. The engine at the sur- 
face transmits the effort of each plunger 
through its rod tube to the correspond- 
ing pair of pressure pumps underground 
and this actuates the working plunger 
connected with it, either drawing or 
forcing water, the other pairs acting con- 
versely. The water is forced into an air- 
vessel, and thence through the rising 
main in one lift to the surface, the power 
supplied by the descent of water in one 
column being nearly sufficient to effect 
its return in the other. The tubes were 
proved to 100 atmospheres; the working 
pressure on the .underground pumps, 
due to the difference between their areas 
and those of the pumps at the surface, 
is 50 atmospheres, and the hydrostatic 
head in the rods being 27 atmospheres, 
the total working pressure, including 
friction, is 77 atmospheres, or about 1,155 
pounds per inch. The engine is worked 
at a speed of 10 double strokes per min- 
ute when the discharge is permanent and 
continuous. Careful observations were 
made to ascertain the work absorbed by 
the friction of the different parts of the 
machinery, and it was found to be from 





25 to 29 per cent. of the total power de- 
veloped. The effective work of the 
pumps at 10 double strokes per minute 
was 100 HP., and the indicated HP. of 
the engine, with a mean pressure of 20 
pounds per square inch on the piston, 
was 136 HP., which gives the combined 
duty = 0.73 of the total power expand- 
ed. 

In the lead mines at Allenheads, in 
Northumberland, the power for working 
the machines is derived by water wheels 
from a natural fall of water at a consid- 
erable distance from the points of appli- 
cation, the power being transmitted 
through pipes charged to a high pressure 
by accumulators. 

The power derived from natural falls 
of water in mining regions is frequently 
transmitted by draw rods connected 
with a crank, exerting a direct pull 
against a weight during half its revolu- 
tion, thus storing up power for the re- 
turn stroke, the rods being in tension 
throughout. Although this is a simple 
method of conveying power to consider- 
able distances, it is not an economical 
means of producing rotary motion. 

The other chief methods of transmit- 
ting power are steam, compressed air, 
shafting, and ropes. 

In conveying steam to a great distance 
loss of power occurs through condensa- 
tion, although, where the pipes are 
properly proportioned and protected, no 
appreciable loss has been found in the 
pressure at a distance of 1,000 feet from 
the boiler. For any extensive system of 
transmitting power steam is under dis- 
advantages, as, besides the liability to 
condensation, there is the difficulty of 
keeping good joints, owing to expansion 
and contraction, and the fluctuations of 
pressure where the main is tapped at 
many points. In working appliances in- 
termittently by steam, the parts get 
cold whilst they are not in use, and on 
the admission of steam condensation 
takes place, resulting both in loss of 
power and liability to breakage from 
starting with water in the cylinder. 

On the 25th of May, 1841, a Paper 
was read at this Institution by the late 
Mr. John Grantham, M. Inst. C.E., on 
the working of the Lime Street tunnel 
on the Liverpool and Manchester rail- 
way. This was completed in 1836, and 
was worked by two pairs of stationary 
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non-condensing engines supplied with | 100 foot-tons. This crane, however, 
steam from boilers situated (in com-| was not working continuously, and it 
liance with the provisions of an Act of was stated to be cipable of perform- 
arliament) at the mouths of the Crown |ing three times that duty. If so, the 
Street and Wapping tunnels, a distance | cost would be reduced to about 24d. per 
of 448 yards, the steam being conveyed | 100 foot-tons, or deducting the labor at 
in 10-inch pipes laid in a tunnel cut in| the crane, to 2.03d. per 100 foot-tons. 
the solid rock. The length of the in-) Some direct-acting hoists made by the 
cline was 2,370 yards, 2,220 yards being | same firm lift 6 cwt. toa height of 40 
in tunnel having a mean gradient of 1 in | feet in seven seconds, the steam pressure 


92. The average weight of the trains) 
drawn up was 55 tons, and the time) 
occupied was six minutes. The engines | 
were side-lever, having cylinders 25 
inches in diameter and 6 feet stroke, 
working a drum 2! feet in diameter, | 
making usually twenty-two revolutions 
per minute, drawing a train up the in- 
cline at the rate of 15 miles per hour. 
The pressure of steam was generally 
from 50 to 60 lbs. when the engines be- 
gan to wind, and fell gradually to 30 lbs. 
From experiments made at the time, Mr. 
Edward Woods, M. Inst. C.E., found 
that each pound per square inch pressure 
of steam upon the pistons, above 7.56 
Ibs. required to overcome friction, was 
capable of drawing one carriage weigh- 
ing 5 tons up the incline. Also that 
when the engine was standing still the 
difference of pressure between the boiler 
and the steam reservoir was about 3 lbs., 
and when working 13 lbs. The quantity 
of steam condensed was on ati average 
156 gallons per hour, and this was col- 
lected in a small receiver in the engine- 
room, the pipes being laid with a fall in 
that direction. Eventually boilers were 
placed close to the engines, and the 
transmission of steam from the old 
boilers was discontinued. 

A steam crane of Messrs. Appleby has 
been at work at Harwich since 1865, and 
particulars were obtained of the cost of 
working for six months. The weight 
lifted was 18,375 tons, or 118 tons a day 
raised an average height of 20 feet, and 
the cost was as follows : 


Labor, fuel, oil, waste, 
&c 

15 per cent. on £500 
(the cost of crane) 2.45 
for interest on capi- {~**” 
tal and depreciation 6.43 


d. 
3.98 per 100 foot-tons. 


oe “e 


“ “ 


This includes the cost of labor at the 
erane, which, if taken at 0.46d. per 100 





foot-tons, reduces the cost to 5.99d. per 


being 50 pounds per square inch, and 
the consumption of steam 14 cubic feet. 
The time required to lift and lower a 
bale weighing 12 cwt is twelve seconds, 
and the consumption of steam is 27 cubic 
feet. The apparent discrepancy between 
these two results is accounted for by the 
fact, that, in lowering, the steam is used 
only as a brake, so that the consumption 
is but little in excess ot what would be 
required to lift the weight to the height 
above indicated. 

Mr. Maxwell (under whose superin- 
tendance the improvements to the river 
Medlock were carried out in 1869-70) 
states that asteam crane lifted 563 tons 
of excavated material to a height of 33 
feet, and discharged it into carts in ten 
hours. The cost of the crane was £300. 
The fuel came to 2s. 2d. and the labor 
to 4s. 6d. a day. The cost was there- 
fore: 


d. 
0.43 per 100 foot-tons. 
——_ 


0.61 * 


Engine power 
15 per cent. on capital 


for interest and de- 
preciation 


« 


The labor at the crane came to 2s. a day, 
or 1.3d. per 100 foot-tons. These condi- 
tions may be regarded as exceptionally 
favorable. 

A 6-ton steam crane at the Llanelly 
Dock raised 10,321 tons an average 
height of 27 feet in nine months at a 
cost of £87 19s. 6d. The cost was 
therefore : 


d. 
Working expenses.... 7.57 per 100 foot-tons. 


15% on capital £478(cost 
of crane) for interest } 4.63 
and depreciation.... 


12.20 


“ se 


iad se 


The crane, however, was not working to 
its full capabilities, and may be regarded 
as an unfavorable example. 

Compressed air is largely employed to 
transmit power, especially for under- 
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ground operations, where the conditions |63 lbs. underground. The tests in the 
are more favorable to its employment | second case were made when the engine 
than either steam or water pressure.|was pumping water and running at a 
Considerable loss of power arises in the |regular speed. At another place the air 
operation of compression, when, as the|is conveyed nearly 2,000 yards. In these 
temperature increases with the density, | cases it is found there is a loss of 50 per 
cooling is necessary, and the heat thus cent. between the boilers and the air 
abstracted represents power lost. In receiver at the surface. 

performing work by expansion the tem-| At Ryhope Colliery in Durham, Mr. 
perature of the air falls, the work done W. F. Hall uses compressed air for 
being in proportion to the heat that has underground haulage, and enables the 


disappeared during expansion, therefore | 


the less the degree of compression the 
greater the efficiency. For pressures of 
from 1 to 10 atmospheres, M. Paul Pic- 
card states that the efficiency, when the 
air is not worked expansively but is ad- 


Author to give the following data :—The 
jair is compressed at the surface *by an 
jengine having two steam cylinders, 32 
‘inches in diameter, working direct two 
air-cylinders, 33 inches in diameter, and 
| : : age 

/having 5 feet stroke. The air is forced 


mitted for the whole of the stroke, varies into a first receiver on the surface, which 
from 100 to 39.1, und that taken into|is 30 feet long by 6 feet in diameter, 
account the efficiency of the machines and from there it is conducted down the 
themselves at 70 per cent., the com- pit, 518 yards deep, in 9-inch malleable 
pounded efficiency is about 50 per cent., iron pipes # inch thick, to a second re- 
although, in practice it rarely exceeds | ceiver 12 feet long and 4 feet in diame- 
30 per cent. |ter, and adjusted to blow off at 50 Ibs. 

The late Professor Rankine states that | pressure. The air is taken from the 
the loss of power seldom amounted to!second to a third receiver, distant 101 
less than from 65 to 75 per cent. of the yards, in 8-inch pipes, and 861 yards 
whole power of the compressing engine, | farther to a fourth receiver, and thence 


and that the loss in transmission through 
well-proportioned pipes was about 10 
per cent. per mile. Dr. Siemens has 
stated that his investigations led him to 
the conclusion that the attainable limit 
of the useful effect of compressed air 
was about 50 per cent. of the power 
exerted in compression. 

In colleries under the charge of Mr. 
Thomas W. Jeffcock, near Sheffield, 
compressed air is employed in hauling 
coal on levels and inclines, and for 
pumping up an incline plane under- 
ground. The air is taken down to the 
bottom of shafts 320 and 350 yards deep 
respectively, and conveyed to distances 
of 630 and 1,614 yards. In the first 
ease the safety-valve on the surface is 
set to blow off at 48 lbs. to the inch, and 
when this is blowing off, the gauge in 
the workings, at 630 yards from the pit 
bottom, registers 50 lbs., showing a gain 
of 2 lbs. This was observed whilst the 
engine was employed in pumping water 
and hauling coal. In the second case 
the pressure of 30 lbs. at the surface is 
also increased 2 or 3 lbs., at 1,614 yards 
from the pit bottom; when at 45 lbs. at 
the surface it is 47 lbs. underground, 
and when at 60 lbs. at the surface it is 


'to the first hauling engine. The distance 
from the receiver on the surface to the 
first hauling engine below is 1,505 yards. 
This engine has a double 14-inch cylin- 
der of 22 inches stroke, and the rope- 
drum, which is 4 feet in diameter, works 
through 3 to 1 spur gear. It hauls 
thirty-six 1-ton tubs up the first engine 
plane in ten minutes when full, and in 
jseven minutes when empty. In some 
|parts of this inclife the gradient is 
}about 1 in 10 against the load, and is a 
| steeper plane than the one next referred 
to. A second engine, of the same size, 
but geared 2} to 1, is supplied with air 
from the receiver at the bottom of the 
pit, by a6-inch pipe having two receivers 
on it. This engine, which is 1,308 yards 
from the receiver on the surface, hauls 
thirty-eight 1-ton tubs a distance of 
2,200 yards up | in 18 and 2 in 18 in six 
minutes when full, and in five minutes 
when empty. A third double engine, 
having 10-inch cylinders, works a rope- 
drum 3 feet 6 inches in diameter through 
5 to 1 gearing. This hauls thirty-six 
l-ton tubs 750 yards in four minutes 
with full sets, and in three minutes 
when empty. Particulars of the tem- 
perature and pressure of the air at this 
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TABLE 1.—EXPERIMENTS WITH COMPRESSED AIR MADE AT RyHoPE COLLIERY, DURHAM, 
FOR WORKING AN UNDERGROUND HAULING ENGINE. 





Temperature of Air in 
the Outlet Pipe 6 ft. 10 ins. | 


Time of Measurements. 
Temperature of Air at 
Pit. 


___ from the Cylinders. 
Temperature of Air at 

No. 1 Receiver, bottom of | 

Pressure of Air at No. 1 


Number of Strokes of 
Steam Engine at Bank. 
Bank Steam Pressure. 


Bank Air Pressure. 





erature of Air in 
eceiver, top of the 


Receiver. 
Engine Bank. 


Engine in bye Receivers. 


Tem 


Temperature of Air at Air 
Pressure of Air at Engine. 


No. 2 





H. M. 
10 15 
10 20 
10 25 
10 30 


10 35 
10 40 


% 2 33, 
o a 











| 
| 
| 


a 


> 


ad 


Engine standing. 

Engine running 
empty sett in- 
bye. 

Engine running 
full sett out- 
bye from No. 4 
landing. 


Bras 
& saee- 


— 
Mo 


35 


a 
ao 

















colliery under varying circumstances, | 
are given in Table I. 
The cost of working has been ascer- 
tained to be as follows: 
Per day. 
Wages, stores, and coals for engines, l 
boilers, and compressors at sur->}5 13 10 


Wag es of engine-men and rope- 
aus, on stores for under- 
ground heniage 


lg 44 


The average number of tons raised is 
2,200 per day. The cost of working is 
therefore 0.97d. per ton. This is exclu- 
sive of the ropes, which, if allowed for, 
would raise the cost of haulage to about 
14d. per ton. 

Compressed air is used at the Gart- 
sherrie works of Messrs. Bairds for coal- 
cutting machines, and to a small extent 
for under-ground haulage. It is worked 
at a pressure of from 30 to 50 pounds 
per square inch; 24 cubic feet of steam 
at 40 pounds pressure are found to give 1 
cubic foot of air at 50 pounds, which 
makes the useful effect of compressed 
air about 50 per cent. that of steam. 
The compressed air has been conveyed 
800 yards in ordinary cast-iron flanged 
pipes, faced and bolted with india-rubber 
joints, with but little loss by trans- 
mission. It is considered that about 
eighty per cent. of the power is wasted | 
through loss of heat and friction. 

Compressed air has also been exten- | 





sively employed at the Powell Duffryn 
collieries, particulars of which Mr. 
Daniel, of Leeds, gave at the Cardiff 
meeting of the Institution ef Mechanical 
Engineers. In these collieries it was in- 
tended to dispense with all horse-power 
underground, portable hauling engines 
being substituted for ponies and boys to 
bring the coal from the working faces to 
the branch roads. The pressure at which 
the air is worked is forty pounds per 
square inch, and experiments were made 
to ascertain the useful effect with stedm 
at 28 pounds pressure through nearly § 
of the stroke, and it was found to be 
only 25.8 per cent. with air at 40 
pounds pressure, and 45.8 per cent. with 
air at 19 pounds pressure. If the steam 
pressure had been 70 pounds, and cut off 
at 4 stroke, better results would have 
been obtained, and the useful effect at 
40 pounds raised from 25 to 50 per cent., 
which is in agreement with results else- 
where. 

French engineers have given consider- 
able attention to the employment of 
compressed air for locomotive purposes, 
and an engine on this principle, designed 
by M. Mékarski, has been tried on the 
Courbevoie tramway at Paris. Particu- 
lars of this are given in the “ Portefeuille 
Economique des Machines,” and also in 
“Engineering” for August 18, 1876. 
: The air is stored at a pressure of twenty- 
five atmospheres in thirteen charcoal-iron 
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cylindrical reservoirs, under the floor of 
the tram-car, and is passed through a 
vessel containing hot water, which in- 
creases its elasticity, and thence through 
a reducing valve, where the pressure is 
controlled by a hand wheel, to the cylin- 
der where it is utilised. This tram-car 
is stated to have run 48 miles with forty- 
five people on it without being re- 
charged. Experiments with similar ob- 
jects are now being made at Woolwich 
Arsenal by Major Beaumont, R.E., M.P. 
He has arranged a compressed-air loco- 
motive, consisting of about seventy steel 
cylinders four inches in diameter and six 
feet long, containing air at a high press- 
ure. These are piled together in an 


oblique stack, and supply sufficient air | 


to draw light loads a considerable dis- 
tance. Mr. Scott-Moncrieff has intro- 
duced a compressed-air car on the Vale 
of Clyde tramways, particulars of which 
were given by Captain Donglas Galton 
in a Paper on “Street Tramways,” read 
at the Society of Arts on the ‘7th of 
February, 1877. It is stated that this 


car travels a distance of three miles with 
each charge of compressed air at a cost 
of 3d. per mile, the consumption of fvel 
for compressing the air being estimated 


at three pounds per horse-power. 
Compressed air has been used since 
1864 in the shops of Messrs. Eastons and 
Anderson at Erith to work a hammer, 
riveting machines, and other tools. The 
pumps supply the air through 6-inch and 
12-inch pipes, and are fitted with auto- 
matic contrivances for stopping them 
when the pressure of air rises to 40 
pounds. The consumption of coal neces- 
sary to produce a given quantity of com- 


pressed air, by means of air-pumps 


driven by a condensing steam engine, is 
about sixty-nine per cent, more than to 
produce the same quantity of steam of a 
like pressure; for example, to .produce 
100 cubic feet per minute of air, at 45 
pounds pressure above the atmosphere, 
would require 53 indicated horse-power, 
and a consumption of 159 pounds of coal 
per hour. To generate 100 cubic feet 
of steam at 45 pounds pressure, 293°, per 
minute, would require the evaporation 
of 845 pounds of water per hour, at the 
expense of 94 pounds of coal. The same 
firm have employed compressed air to 
pump the sewage at Windsor. They 
have also applied it in H. M. Dockyard 





at Portsmouth to work capstans for 
hauling the largest ironclads in and out, 
and about the docks, as well as for open- 
ing the dock gates and sluices. It is 
understood to have been adopted there 
partly on the ground that it would not 
be exposed to the risk of damage through 
leakage, as either steam or water pressure 
might be, and partly because the power 
consumed would be more in proportion 
to the load to be moved than hydraulic 
power. As hydraulic power has been 
hitherto so extensively employed to per- 
form operations of this intermittent 
nature, it will be interesting to know the 
results of using compressed air under the 
same conditions. 

At the Tincroft mine a Doering drill 
was worked by compressed air, conveyed 
in a 2-inch wrought-iron pipe, down a 
shaft 1,200 feet deep. Observations 
showed that the pressure in the air-re- 
ceiver on the surface was reduced from 
26 pounds to 23 pounds at the drill when 
at work, and when standing idle the 
pressure at the drill rose to 28 pounds. 
At the Dolcoath mine, where the same 
drill was used, the loss between the en- 
gines and compressor when new was 
from 30 to 40 per cent., as ascertained 
by indicator cards on the pump and com- 
pressor. 

Another and early method of trans- 
mitting power is by air exhaustion. 
About the years 1827-30 Hague ex- 
hibited a pneumatic crane which it was 
contemplated to apply to the St. Katha- 
rine Docks, with the view of seeing if 
the whole dock could .be worked on that 
principle. Exhausted air has been em- 
ployed for a variety of purposes, a well- 
known instance being its application to 
work the machinery at the Mint. The 
pneumatic system, in its application to 
the transmission of postal messages, was 
the subject of several communications 
to the Institution in the year 1875, 

Where manual labor is used, as in 
working hand-power cranes, the cost of 
lifting and lowering goods is much 
greater than by other means. At Cot- 
ton’s Wharf, London, a 10-cwt. crane 
lifting 40 feet requires on an average 
eight men at the handles, and it was 
found that the cost of lifting 100 foot- 
tons was 10.191. (allowing 15 per cent. 
for interest and depreciation), and that 
the maximum speed of lifting the chain 
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without weight was 100 feet in three 
and a half minutes. The capabilities of 
the crane did not exceed 10 tons an 
hour, 40 feet high. Experience of late 
years at wharves and such places shows 
that men are difficult to keep to perform 
this class of work, and that an import- 
ant diminution of energy is apparent in 
working hand-power cranes. 

A comparison between manual labor 
and machinery has shown that the cost 
in the former is, in the case of cranes, 
about nine times that of the latter. 
Work done in colleries by hand is esti- 
mated by Mr. Emerson Bainbridge, 
Assoc. Inst. C.E., to cost about thirty- 
seven times as much as by machinery, 
and the diminishing rates of work done 
by men is shown by the fact that where- 
as in 1866 the number of tons of coal 
raised was 314 per man, in 1873 it was 
only 279, or more than 10 per cent. 
reduction. 

Shafting is employed to transmit 
power within a limited area. The ex- 
tent, however, to which it is applied may 
be judged by the fact that at the cotton 
mills of Messrs. Clark and Co., at Pais- 

4,000 H.P. are thus transmitted. 


ley, 

Where the consumption is intermittent 
there are objections to shafting, as power | 
is being constantly exerted to drive it, 
and in addition there are the wear and 
tear and friction, and the attention for’ 
lubrication and repairs necessitating the 


ready accessibility of the parts. The 
amount of power lost in transmission by | 
shafting varies widely with the state in 
which it is maintained. M. Vigreux 
calculates that on a line of shafting run- 
ning at 250 revolutions per minute, the 
loss due to friction of bearings is not' 
less than 37 per cent. Several trials of 
engines for cotton mills and sheds, made 
by Mr. Joseph Clayton, of Preston, gave 
the friction of engine and shafting at 
about 32 per cent. of the gross load. A 
length of 300 feet of shafting working | 
punching and shearing machines had 
been observed to consume 3.14 HP. In 
another case a length of 1,200 feet of 23-| 
inch shafting absorbed 1 indicated HP. | 
for every 100 feet of shafting, when the 
driving-belts were thrown off. In an ex- | 
tensive range of warehouses an engine | 
of Messrs. Appleby’s drives about 1,000 
feet of shafting with a boiler pressure of | 
5 lbs. per square inch, the power being 
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transmitted by a vertical shaft and bevel 
gear from the basement (where the en- 
gine is placed) to the upper story where 
hoisting machinery is fixed. 

The transmission of power by ropes, 
an extension of the belt and pulley 
method, will next be considered. M. 
Achard describes the transmission of 
motive power by wire ropes at Oberursel, 
near Frankfort on the Main. At this 
place a water-fall of 263 feet, discharging 


from 12 to 31 gallons per second, is 


utilized, and 94 HP. transmitted a 
distance of 3,153 feet, divided into spans 
of about 393 feet each, by means of a 
turbine actuating a wire rope working 
over pulleys 12.3 feet in diameter. The 
effective tension on the rope varies in- 
versely as its velocity; it is 1,400 lbs. at 
the pulleys, and the velocity 73.8 feet 
per second. An advantage in transmit- 
ting power in this way is pointed out by 
M. Achard to be, that where the power 
has to be distributed amongst various 
lessees it can be controlled, and any at- 
tempt to take more than the lessee is en- 
titled to would only result in the slip- 
ping of the rope, inasmuch as the power 
to be given out at any point depends on 
the tension. 

Mr. Henry M. Morrison has given par- 
ticulars of the employment of ropes as 
motors at Logelbach, in Alsace, where 
several printed calico factories, separated 
from each other, were supplied with 50 
HP. from one steam engine, the power 
being conveyed a distance of 256 yards 
by means of light steel wire ropes 4 inch 
in diameter, passing over grooved pul- 
leys of 9 feet 6 inches diameter, running 
at an average speed of 31 miles an hour. 
The loss sustained in transmitting 120 
HP. 150 yards was estimated to be 24 
per cent. (or 3 HP.) due to friction of 
large pulleys. If the distance is greater 
supporting pulleys have to be used, 
which entail a further loss of nearly | 
HP. for every 1,100 yards. The 


| direction of transmission has sometimes 
‘to be changed, and this is done either by 


directing pulleys, or by bevel wheels, the 
latter being considered the best. 
Another instance of the employment 
of the wire rope system occurs at Schaff- 
hausen, where, by constructing a dam 
across the river, the hydraulic power of 
the Rhine is utilized. Three turbines, 
94 feet in diameter, are driven by a fall 
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of from 12 to 16 feet of water, and are 


capable of developing 750 HP., which is 
transmitted by iron wire ropes } inch in| 
diameter, over grooved pulleys 15 feet 
Engineers on the four principal systems 
‘of underground haulage in colleries, 


in diameter running at an average speed 
of 100 revolutions a minute, or 53 miles 
an hour. The tension necessary to trans- 
mit 326 HP. is, according to M. Achard, 
5,807 lbs. The cost of the power to con- 
sumers is stated to be about 40 per cent. 
below the cost of steam power. 


Similar works have been carried out 
at Fribourg, where, by constructing a 
dam across the river Saane, the valley 
above is converted into a reservoir, and 
a fall of 34 feet 6 inches obtained. This 
fall is utilized both for the water supply 
of the town and to supply power to 
manufactories, the latter being obtained 
by a Girard turbine and 300 HP. trans- 
mitted a distance of 2,510 feet (divided 
into five equal spans of 502 feet) to the 
manufactories on the banks of the river 
by wire ropes. The pulleys are all 14 
feet 9 inches in diameter, and make 81 
revolutions a minute, which correspond 
to a velocity of 65 feet per minute of the 
rope. The tension necessary to transmit 
300 HP. is 5,198 lbs., or 6 tons 10.6 
ewt. per square inch on the rope. The 
loss of power in transmission by a single 
wire rope is estimated to be about 6 per 
cent. 


The advantages accruing from these 
systems would appear to be not only in 
the use of rope transmission, but more 
particularly because the power is obtained 
without the use of fuel. 

Comparing wire ropes running at high 
velocities with belting, shafting, and 
pipes for water or compressed air, the 
first cost is in favor of ropes. Mr. 
Morrison states that the cost of ropes is 
only +; that of an equivalent amount of 
belting, and only x that of shafting. 
The wear and tear of ropes, together 
with the necessity of avoiding steep in- 
clinations where the distances are long, 
lessen the advantage of that system; on 
the other hand, the loss of power in 
transmission by ropes varies only as the 
velocity, whereas either by compressed 
air or by water the loss due to friction 
increases as the square of the velocity. 

Table 2, contains a statement of the 


transmission of power by wire ropes, | 


compiled by Mr. W. A. Roebling, for 
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POWER TO DISTANCES. 


/an article on that subject by Mr. Albert 


W. Stahl.* 
A report was made in the year 1869 by 
the North of England Institute of Mining 


namely, the tail rope, endless chain, end- 
less rope No. 1, endless rope No. 2. 
These different systems are employed to 
suit the varying circumstances of the 
curves, gradients, and number of branches 
in the workings, and the results show 
that the amount of power absorbed in 
transmission is respectively 45, 25, 23, 
and 8 per cent. 

The application of rope gearing, to 
transmit the power from the prime 


/mover to machinery in a factory, in sub- 


stitution of toothed gearing, has been 
recently advocated by Mr. James Durie. 
The friction of rope gearing for high 
speeds is much below that of toothed 
gearing, and it is considered to have ad- 
vantages over belts, inasmuch as the 
power can be distributed over several 
ropes, either of which can be repaired 
without stopping the system; but where 
only one belt is employed, the whole of 
the system is stopped when the belt fails. 
The result of several experiments be- 
tween flat leather belts and round ropes 
led to the conclusion, that the latter 
have a greater hold on V-shaped grooves 
per square inch than the former have on 
pulleys. Mr Paget has found that the 
highest co-efficient of useful effect with 
the least wear to the rope is obtained 


| when the angle of the groove is 40°, and 


at-this angle Mr. Cowper gives the fric- 
tion of the rope upon the two sides of 


the grooves as being three times as much 


as if the rope were working on the sur- 
face of a plain drum. 

In considering the several means of 
transmitting power, it must be admitted 
that the convenience of asystem of pipes 
to convey steam, water pressure. or com- 
pressed air, through the ramifications 
generally met with in supplying a vari- 
ety of appliances, is great compared with 
shafting or ropes. 

Compressed air, like steam, has an 
advantage over water when it can be 
worked expansively, as the power con- 
sumed by the appliances is then in pro- 
portion to the work done. 





* See Van Nostrand’s Engineering Magazine, Febru- 
ary, 1877, p. 171. 
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TasLe 3.—PractTicaL RESULTS oF EXPERIMENTS WITH COMPRESSED AIR. 





| Work re- |Work done by 1 cubie|Percentage realized of work expended. 

Pressures. quired to |foot of air at pressure} 

AS | produce | given, expanding to | 

1 cubic ft.|atmospheric pressure,| Including both 

. Saas | Operations, viZ., | Expanding only. 

spheres | square | ingap- | Without | compressing and 

above jinchabove paratus additionof) With expanding. 

atmo- | atmo- | giving 66 heat dur- addition of —— rs rs 
spheric | spheric | percent. ing expan-| heat. |Without| With | Without | With 
pressure, | pressure. | efficiency.| sion. | heat. heat. heat. heat. 





| ' 
Atmo- | Lbs. per | Compress-| 








| 

| 

| Foot-Ibs. | Foot-Ibs. | Foot-Ibs. 
| 4,401 1,366 2156 30 | 44 45 
3,048 4,648 29 | 44 44 
| | 44 42 
41 

| 


4,962 | 7,812 28 
44 


11,756 | 27 





7,028 





| 
' 
' 





TABLE 4.—THEORETICAL WORK DONE BY COMPRESSED AIR ACCORDING TO MARIOTTE’S Laws 
which supposes that the temperature of the air remains constant throughout the operation 
of Compression and Expansion. 








Pressure. | ; 
; | Units of Heat 
— pers _ Number of cubic/equivalent fo i 
. feet produced b iven in thir 
——- Lbs, above i a. 1 HP. per heer ge column. 
above i _colv ; 
1 atmosphere. 1 atmosphere. it unit=772 foot Ibs 





| 
| 





Foot-lbs. 








15. 
22. 





TaBLE 5.—THEORETICAL WORK DONE ACCORDING TO Porsson’s LAw, which suppuses that 
when air is compressed, none of the heat due to compression is allowed to escape, or vice 
versa when compressed air is allowed te expand, no external heat is added to it. 


To reduce the given quantity to 1 cubic foot. bere hy 7 eae sot 


= an 





‘ ; | 
Cubic feet at} poot-tbs re. [Final pressure Pressure in Ib8.| work done in| Final volume 


14.7 Ibs. per 


square inch. quired. 


in Ibs. per per square : : 
square inch. | the oy foot-lbs. | in cubic feet. 


3,200 37.044 | 99.4 | 2,048 1.682 
8,524 63.651 | 441 «| 4)573 2.279 
14,920 93.345 | 58.8 | 7,442 2.828 
22,533 125.685 73.5 | 10,541 3.344 











Steam must be considered to have) fifty per cent. between the boilers and 
economical advantages where the power| compressors. The loss in transmitting 
has to be exerted continuously and with-| air is greater than that of water, owing 
in a limited area, and where the avoid-|to the volume of air, at forty pounds to 
ance of fire risks is not essential. the inch, requiring to be 174 times 

At the usual pressure of forty pounds | greater than that of water at 700 pounds 
to the inch, it has been shown that, with | to the inch, to convey the same power. 
compressed ‘air, a loss occurs of about! The friction varying as the squares of 
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the velocities, and directly as the densities 
it will be found that, after allowing for 
the density of air at forty pounds above 
the atmosphere being about 220 times 
lighter than water, the loss of power 
with air will be much greater than 
with watet, the amount depending on 
the size of pipe. 

Mr. Daniel, of Leeds, calculates that 
the useful effect of air, at forty pounds 
pressure per square inch above the at- 
mosphere, is only 48.8 per cent. of steam 
at the same initial pressure. Table 3 
gives 44 per cent. as the maximum per- 
centage that can be utilized of the origi- 
nal power expanded, taking 66 per cent. 
as the efficiency of the compressing ap- 
paratus. Tables 4 and 5 give the theoreti- 
cal effects at various pressures, according 
to Mariatte’s and Poisson’s laws. If the 
power necessary to compress air could be 
obtained without expense--as by a natural 
‘fall of water—the maximum useful effect 
would be 66 per cent. of the power ex- 
pended. 

Compressed air may be adopted with 
advantage in mining and tunneling op- 
erations, notwithstanding the small use- 
ful effect obtained, as it enables boilers 
and underground steam engines to be 
dispensed with, thus diminishing the risk 
of explosion; it further aids ventilation. 
On the other hand, steam can only be 
used in parts of the mine where the ex- 
haust can be conveyed to the bottom of 
the upeast shaft, as both steam and heat 
act prejudicially on the stone, timber. 
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&c., in the workings. It also tends to 
the greater employment of labor-saving 
appliances, the introduction of which is 
productive of the double advantage of 
dispensing with manual labor and of en- 
abling underground operations to be 
carried out more expeditiously, resulting 
in a quicker return on the capital sunk 
in such undertakings, 

Systems of power co-operations, sim- 
ilar to that carried out at Hull, might 
advantageously be established to effect a 
better conservation of motive power by 
its concentration to supply entire dis- 
tricts. At present independent estab- 
lishments are maintained to work the 
machinery and appliances, in most cases 
intermittently, thus involving waste of 
power, space, time, and money. By 
adopting power co-operation, the ex- 
pense of production would be spread 
over many consumers, like the ordinary 
gas and domestic water services. 

A comparison of the various systems 
shows that there are circumstances to 
which each is suitable, and that as these 
do not’admit of being dealt with always 
on the same principle of economy, but 
rather of appropriateness, each case must 
be decided by the conditions governing 
it. Where, however, the work to be 
done is intermittent, as in the case of 
cranage and dock work, the hydraulic 
system, on the ground of speed, safety, 
steadiness, and general convenience, is 
considered by the Author to be superior 
to any other. 
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Condensed from “The Engineer,” ‘‘ Revue Industrielle,” and “London Times.” 


Tue year has not passed away with- 


Previous to the construction of this 


out carrying with its chronicles the| bridge the North British Railway Com- 
record of the completion of some great} pany’ paid a toll of from £10,000 to 
engineering works. The first among £12,000 per annum to the Caledonian 
these belongs to our own islands, namely, | Company onaccount of its traffic to Dun- 
the Tay Bridge. This bridge was com-! dee; and in addition to this the company 
menced in 1871 and, owing to its mag-) paid, as far back as 1869, a sum of 
nitude and importance, much general | £12,300 per year for Tay ferry charges. 
interest has attached to it, and accounts | It has been estimated that the total gain 
of its progress have, during its six years | secured by the structure will be £30,000 
of building history, made the public| per year, the approximate total cost of 
generally, as well as engineers, fully | the bridge and the short connecting lines 
conversant with its object, and the chief| being under £600,000. Of this the 
features of its construction. North British Company contributed 
Vou. XVIIL—No. 3—15 
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about £200,000, so that the undertaking, 
besides providing a direct communica- 
tion between Edinburgh and Dundee, 
will be a source of profit. The bridge is 
only a little under two miles in length, 
and is thus the longest railway bridge in 
the world. 


Another great work, which can only 
be said to have reached completion last | 
year, is the Hoosac Tunnel; for although | 
luggage trains ran through it as long) 


ago as June, 1875. it has really only 


recently received the finishing touches. 
The tunnel is about four and three-quar- | 


ter miles in length through the Hoosac 


mountains, and has been made for the| 


purpose of providing direct railway 
communication between Boston, Massa- 


chusetts, and Albany, the capital of New | 
York State. The cost has been defrayed | 


by the State of Massachussets, and the 
work has been of a difficult character, 


owing to the breaking and falling of) 


the rock, most of which is of a slaty 


character, so that it has been necessary | 


to line a very large portion of the tun- 
nel with brickwork. The work has been 


in hand over twenty years but the erec-, 
tion of the east fagade has only just) 


been completed. The intention was at! 


first to leave this unprotected by mason- 


| which a recent American paper observes, 

cannot be excelled, being perfectly 
straight. The roof of the tunnel is now 
considered perfectly safe, about a mile 
and one-third of brick arching having 
been built to sustain all doubtful parts, 
in sections from ten feet upward. Still 
the roof is under constant examination 
by men on the top of an elevated carriage 
which is propelled along the road. 
Admittance to visitors is strictly denied. 
Occasionally the tunnel is so free from 
fog and smoke that, standing at the 
central shaft, daylight can be discerned 
|at both portals. A floor composed of 
oak, fourteen inches thick, let into 
| grooves cut into the rock on a steep in- 
‘cline, prevents any pieces detached from 
the sides of the shaft from falling on to the 
track. At the summit of the mountain the 
opening of the shaft is enclosed by a stone 
wall twenty feet high. 

Returning to works at home, and to 
one of less magnitude, some reference 
must be made to the completion of an 
‘undertaking which has been designed 
with the object of reducing the traffic on 
London Bridge—namely, the Thames 
Steam Ferry. This, it will be remem- 
uered, was opened on the 31st of October 
last, and had gradually gained sufficient 


ry, but the disintegration of the rock has public confidence to attract a good deal 
rendered protection necessary. Thejof traffic. About three weeks since, 
work has cost about fourteen millions of ;|however, an aeecident happened which 
dollars, including the small tunnel just has completely stopped the use of the 
completed at North Adams. Only one/ferry. One link in one of the balance- 
track is laid at present in the tunnel.) weight chains broke, when two wagons 
The trains are run by telegraph, passen- | and teams, which were delayed about five 
ger trains being allowed ten, and freight | hours, were upon the southern pontoon. 
twenty minutes to pass. Three lights,| Happily the horses were good-natured, 
equi-distant, are affixed to the sides of and looked upon the sudden conversion 
the tunnel, dividing the distance into) of their level footway into one at suffi- 
four sections. The lights are for the! cient angle to cause their wagons to slide 
purpose of enabling the engineers to reg- | down to the side railings, as a matter of 
ulate their speed, and they are required insufficient importance to call for any 
to maintain a uniform space the whole | demonstrative proceedings. But the 
distance. At the central shaft two lights | matter might have appeared very differ- 
are displayed, to indicate when the sum-| ent to steeds of a different frame of mind, 
mit is reached and the grade declines, | as, for instance, those which accompanied 
drainage being secured by making the | the late Lord Mayor across the river on 
tunnel 60 feet lower at each entrance |the day of the opening. The breaking 
than at the central shaft. The tunnel is|of this link also caused the breaking of 
never occupied by two trains at the same | the fixing flanges of one of the horizon- 
time, and no train is allowed to enter| tal hydraulic cylinders, so that the pon- 





until the preceding train has made the 
exit. No equal distance of the road 
outside is traversed with so uniform 
speed, nor with so much safety, the track, 


toon could not be raised until the tide 
|rose and lifted it. We have on several 
| occasions stated our opinion that this 
‘ferry will not materially reduce the 
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traftic on Lendon Bridge, but it has to 
be admitted that previous to this acci- 
dent the ferry had secured considerable 
patronage. It will now however be about | 
a month before traflic can be resumed, 
and though we do not mean to say that 
this sort of thing will necessarily happen 
very often, yet the fact that it has once 
happened will be looked upon by the pub- 
lic as very significant It is no answer to 
say that steam ferry-boats conduct such 
traffic elsewhere, as at most places where 
river. or estuary crossing is thus effected, | 
no bridge is sufficiently near ¢o form an 
alternative choice for those wishing to 
reach the opposite shore. Now that the | 
stoppage has occurred advantage is being 
taken of the time to effect various modi- 
fications, such as strengthening the tail- 
boards of the boats, covering in the hy- 
draulic cylinders, chains &e. We un- 
derstand that no real difticulty was found 
in crossing the river traffic, and though 
we believe that nothing else than a fixed | 
bridge will effect the desired relief of 
London Bridge, we think that it is much 
to be regretted that the chains were not 
properly tested prior to putting them to 
work, as if a suflicient test had been 
made the one faulty link would have) 
been discovered. 

Turning now to works in progress, 
we still find the most important within 
our own shores, and attention may be 
first directed té the Severn Bridge, of | 
which Messrs. G. W. Owen and G. W. 
Keeling are the engineers, which is dé-| 
signed to connect the Great Western 
and Severn and Wye railways with the 
Midland. It is rather less than three- 
fourths of a mile in length, and consists | 
of twenty-two spans crossed by bow-| 
string girders varying in lengths be- 
tween 134 feet and 327 feet, supported 
upon pairs of cast iron cylindrical | 
piles, sunk by means of Reeve’s pneu- | 
matic excavator before referred to. | 
At the commencement of January last 
the foundations for twelve piers had_ 
been completed, ten of the piers hed | 
been carried to their full height, and} 


‘eight spans of the superstructure | 


erected. During the year seven other | 
piers have been founded, and seven! 
of the piers carried up to the under 
side of the girders. Seven spans of 
the superstructure have also been 
erected. The swing-bridge across the | 


Gloucester and Berkeley Canal is now 
being erected. This is of a_ total 
length of 196 feet, and will be moved 
by steam power, the engines and signal 
gear being placed in a house fixed 


‘on top of the bowstring girder form- 


ing the bridge. The works for the 
railway approaches are progressing 


‘with sufficient rapidity to insure their 
‘completion before the bridge is fin- 
| ished. 


Another work of equal importance, 
and attended perhaps with greater 


‘difficulties, on the same _ river—or 


rather, beneath it—is the Severn Tun- 
nel, of which Mr. Charles Richardson 
is the engineer. It is being con- 
structed by the Great Western Rail- 
way Company to connect their system 
at Bristol with that in South Wales. 
The heading, which has been driven 
under the Severn from the Portskewit 
shaft, is now 1850 yards under the 
river. It has passed all the deep 
water, and is now under the bed of 
rock called the English Stones, which 
are dry soon after half-tide. As the 
river at this place is two and a-quar- 
ter miles wide, the heading is now 
nearly half-way across. The heading 
has run entirely in strong Pennant 
rock, with the occasional exception of 


/small seams of clay-shale, and during 
the last month a bed of good hard 


coal about 18 inches thick. On first 
entering the Pennant, near the shore 
end of the heading, some heavy 


‘springs of salt water were met with, 


and these continue to flow at about 
the same rate up to the present time. 
It is a somewhat curious fact that 
this water contains only about one 
half the salt found in the water of 
the river above. Since the heading 
has been well under the river, the 
springs that are cut, though some- 
times large when first tapped, invari- 
ably run nearly dry in two or three 
days, so that the amount of water to 
be pumped has not increased much 
for some time. The springs most re- 
cently met with have almost entirely 
lost their saltness, and the water is 
pleasant to drink, these springs being 
under the middle of the river. 

Since the end of February last the 
average weekly rate of progress of the 
heading has been forty-seven feet in- 
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cluding all stoppages. A permanent | £2,000,000, and already about £1,800,000 
shaft for pumping has been sunk near} have been spent upon it. The original 
the present shaft at Portskewit. This/ estimate of the cost was £1,950,000, but 
is now being lined with cast iron tub-| that estimate will be largely exceeded. 
bing, and one of the large pumps is being | The extension consists of three immense 
fixed at the same time, a second large | basins, which will have a combined area 
pump being in preparation. The whole|of 74 acres, and four large graving 
of the water coming into the tunnel will | docks; sufficiently large to accommodate 
eventually run to this shaft. A contract| the largest vessel that is ever likely tuo 
has been left for sinking three’ working| be built. All the basins—repairing, 
shafts; these will be started as soon as/| factory, and fitting out—are to be con- 
the land arrangements have been com-|nected, so that a vessel on being 
pleted. These are all the shafts that 





| launched can be floated into the former 
will be required, as it has been decided | and taken out of the latter, fully 
not to put one in the river. The heading | equipped for sea. The first is 21 acres 
will be completed throughout before the| in extent, and opens into the Medway 
larger works are begun, and this will nearly opposite Upnor Castle, the mouth 
without doubt be economical in many | of the basin being eighty feet in width. 
ways. The whole of the four docks abut on 
The London Victoria Docks Ex-|this basin, and have been in use some 
tension Works have made material pro-|time. The factory basin is twenty 
gress, and the works are in every respect |acres in extent, and it is intended to 
proceeding as rapidly and favorably as | erect extensive workshops on the wharves 
possible. Of the general excavations,| for the construction and repair of en- 
some two millions out of about two and | gines and boilers, as weil as the principal 
three quarter millions of yards have been , workshops required in iron shipbuilding. 
excavated and sent to bank. The line de- Shears capable of lifting 100 tons have 
signed to carry the North Woolwich, been erected on the walls of this and the 
branch of the Great Eastern Railway | repairing basin. 
under the extension is being rapidly| Referring now to projected works, 
pushed forward, and the tunnel in con- those of greater magnitude directly of 
nection with it is in itself a fine piece of | interest at home are for.the supply of 
engineering. For a portion of the way} water. The opposition to the Thirlmere 
it iga double tunnel, and this has been | scheme has conversantly placed the pro- 
completed, while the remainder is far| posed method of water supply for Man- 
advanced, as well as the open cuttings chester before the public, though it has 
forming the approaches. Should the|at the same time been the means of 
same energy and skill be maintained as/| disseminating very erroneous and rather 
the contractors have shown up to the) one-sided views. It is scarcely possible 
present time—and from their well-known that any opposition was ever backed by 
character there is no reason to doubt more careless statements, and by half- 
such will be the case—these docks will knowledge of the facts of the matter, 
in all probability be opened early next | than those which have characterized 
yest, and an enormous addition will thus the asseverations of the self-appointed 
e made to the capabilities of the port of defenders of Thirlmere. Like many 
London. ‘other sheets of water in the Lake Dis- 
At Chatham great progress is being | trict, Thirlmere is privately owned, and 
made in the extension of the dockyard, | the rights of property have been almost 
which will make this naval yard the as rigidly exercised as they are by the 
finest and most important in the whole) possessors of some of the others from 
world. The works have been in hand which visitors are strictly excluded. 
many years, and some four or five more Some of these possessors and their: 
are likely to pass before the whole is| friends are the lovers of nature, “ with a 
completed, notwithstanding the fact that | circumstance,” who talk of the desecra- 
there are between 1,400 and 1,500 hands | tion of the lake, and lead others to write 
employed, the great majority being con-| about the destruction of natural scenery, 
victs. The cost of the enlargement when | which, as far as nine-tenths of the popu- 
complete will be considerably over! lation of this country, or even of the visi- 
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tors of the district are concerned, might | between Algiers and Timbuctoo, for in- 


as well be at the farther side of the 
moon, for it is seen with difficulty, and 
then only from a few points. The part 
of the lake, moreover, which is really 
the most beautiful is hardly ever visited. 
A much frequented public road, it is 
true, runs past a portion of the lake, but 
under existing conditions it is only from 
this that it is seen by a great majority 
of the tourists to the district, and it is 
very strange that, until Manchester found 
that water of equally good quality and 
the absolutely necessary softness could 
not be obtained in sufficient future quan- 
tity elsewhere, the exquisite beauty of 


‘stance, from 40 centimes per kilogram- 
|meter to 10 centimes. Altogether be- 
‘tween 11,000 and 12,000 kilometers of 
railway have been proposed, almost the 
whole of which would be through easy 
country. . 

Railways in China are again among 
| the works of the future, for the Woosung 
‘and Shanghai line has been paid for by 
the Government, and its working stop- 
ped. It is impossible, however, even in 
China, that, having once seen the ad- 
vantages which railways may confer, 
|conservatism can long prevent their 
‘adoption. The Darien Inter-Oceanic 





Thirlmere was little known or appre-| Canal scheme has made a little progress 
ciated. But it is even more strange that during the year, but it is still a paper 
all argument, or rather all opposition, | proposition. 

has been based on the exaggerated state-| Nothing very remarkable in mechani- 
ments of those who assume that because | cal engineering has been effected during 
the lake water is to be used, and that an|the past year; but there are not wanting 
embankment is to be placed at a never | indications that invention has not quite 
visited site at one end, that the scenery | died out among us. As regards the 
of the whole lake and its district is nec-|steam engine especially, it is daily be- 
essarily to be destroyed. The level of coming more and more evident that 
the water in the lake is to be raised by | the principles involved in the action of 


fifty feet, but because the lake will be | 
larger and deeper, need it be less beauti-| 
Its shores will be of the banks! 
already existing, and without alteration. | 
It has been made much of that the lake | 


ful? 


is one of the people’s beautiful resorts 
for recreation, yet no one is allowed to 
roam freely on its borders or row a boat 


on it, and fishing has been stopped for | 
If it could be shown that. 


many years. 
Thirlmere and the district surrounding 
it would be really injured, we should 
speak differently on the subject, but no 


trustworthy evidence is yet forthcoming | 


that danger exists. 

A railway across the Sahara has been 
seriously proposed and the idea enter- 
tained in France. In 
Soliellet proposed a line from Algeria to 


the Niger, and thence to the Senegal, | 
thence opening up a large portion of | 
Soudan, which contains a population of | 
about thirty-eight millions of people. | 
Recently M. Duponchel has been sent | 
' out by the French Government to study | 


the country with a view to a railway, 
and his proposal is practically that of M. 
Soliellet. The line would be about 2500 
kilometres to the point at which it joined 


1874 M. Paul | 


steam as a power producer are becoming 
better understood, and as knowledge is 
increased, so will improvements be 


effected in the construction of steam en- 


gines. A great deal is being done to 
impart accurate ideas concerning what 
we may term the philosophy of the steam 
engine, by competent engineers carrying 
out experiments and publishing the re- 
sults. For example, a report such as 
that proposed by Mr. Lavington Fletcher 
on the performance of an engine and 
boiler at Dalkeith, and published in Zhe 
Engineer last August, cannot fail to do 
good. The millstone which has hitherto 
‘hung round the neck of all those who 
‘really desire to reduce the consumption 
of fuel in steam engines, has been igno- 
rance of the true nature of the fluid with 
which they had to deal. Until a com- 
paratively recent period steam has been 
regarded by engineers, and treated by 
philosophers, as a permanent gas, where- 
as it is really a most unstable fluid, never 
met with free from water except under 
‘conditions which practically prohibit its 
use as a power-producer. Acting on the 
| theory that steam would follow Mar- 
riott’s law when expanding in a cylinder, 





! 


| 
| 


the Niger, and it would, it is estimated, | men assumed that there was hardly any 
reduce the cost of transport of freight | limit to the economy which might be 
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obtained by carrying out the principle 
of expansion to its furthest extent; and 
the failure which invariably followed all 
attempts of the kind was explained away 
by almost any hypothesis save the right 
one. It is not too much to say that Mr. 
Isherwood, of the United States navy, in 
his masterly preface to the second vol- 
ume of “ Repctenentel Researches in 
Steam Engineering,” was the first who 
had the courage to dispute the soundness 
of this vicious theory. In the volume 
in question, published in Philadelphia in 
the year 1865, he showed that steam 
could not behave as a permanent gas in 
a metallic cylinder, and that there was 
a limit to the gain to be derived from 
expansion which was very speedily 
reached. The accuracy of his views was 
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separate ports and valves for the ingress 
and egress of the steam, these passages 
being so arranged that water may con- 
tinually drain from, instead of into, a 
cylinder. We have often stated that 
little economy follows the use of a 
jacket, and we see no reason to alter 
this opinion so long as jackets are made 
in the ordinary way and applied to en- 
gines of large dimensions and the usua- 
proportions. But it is not to be disl 
puted that when engines are made with 
cylinders of moderate dimensions, say 
up to thirty inches diameter, and with 
long strokes, economy may be promoted 
by the use of a really efficient jacket. 
In the great majority of cases a jacket 
is of no use whatever save in so far as it 
acts the part of lagging to the cylinder, 


eagerly disputed in this country; but | because, in the first place, it does not in- 
time has demonstrated that his conclu-\clude the cylinder covers, and because, 
sions were all sound in the main, albeit|in the second place, the walls of the 
tinctured with a little prejudice. The) cylinder are so thick that the steam in 
now celebrated Gallatin experiments, | the jacket las not time to prevent the 
which have been fully reported in these| condensation of moisture on them, and 
columns, showed that heavy loss follow- if this takes place, then farewell to 








ed on the adoption of measures of expan- | 
Ample evi- | 
dence to the same effect has been forth- | 
Engineers, who are/were possible, they should not exceed a 


sion as great as ten to one. 


coming at home. 
sufficiently large-minded to abandon old 
prejudices, begin to recognize the fact 
that it is worse than useless to rely on 
expansion alone as a means of realizing 
economy of fuel, and that it must be 
sought in other directions. What these 
are we propose to indicate here, in the 
hope that what we may say on the sub- 
ject may prove useful to those who may 
set about effecting real fimprovements in 
the steam engine during 1878. 

The fact to be borne in mind above all 
others is that steam readily loses heat 
and condenses, but that it absorbs or 
takes up heat with much reluctance. An 
engine to be truly economical must have 
a condenser, but this condenser tends 
agg to rob the cylinder of its 

eat. In fact, the condenser is little else 
than an extension of the cylinder, and it 
is by no means easy to keep the one cold 
and the other warm. The principal ob- 
ject to be effected by the engine builder 
is to prevent the condensation of steam; 
and this end can be best secured by 
jacketing the cylinder, by clothing the 
jacket, by compressing the exhaust steam 
at the end of the stroke, and by using 








economy. The walls of a cylinder 
ought to be so thin that heat can tra- 
verse them with great rapidity. If it 


thickness of one-twentieth of an inch. 
This is out of the question, of course; 
but it is not impossible, we think, to 
produce steel liners which for a thirty- 
inch cylinder need not much exceed a 
thickness of one-eight of an inch, the 
liner being supported by suitable ribs 
in the interior of the cylinder. Be this 
as it may, it will be found worth while 
to make the attempt. Again, all ports 
and passages should invariably open 
into the bottom of a horizontal cylinder, 
and the exhaust should never take place 
through the influx port. It is almost 
beyond question that the economy of 
the Corliss engine is due in great meas- 
ure to the use of two sets of ports. 
Compression, again, although it reduces 
the total power of an engine, augments 
its economical efficiency by preventing 
at the end of each stroke evaporation 
from the wetted surfaces, and by com- 
pensating for loss by clearance. We 
have only space to glance hastily at 
these points. They may appear to be 
trifling, but it is on the attention which 
is paid to them that economy really de- 
pends. Before taking leave of this por- 





tion of our subject, we would protest 
against the error that increased econo- 
my can be secured by the use of ex- 
treme pressures. This is a dangerous 
delusion, which is producing marine 
boilers with shells 14 inch thick. It is 
simply an ignis fatuus which has been 
followed since the days of Trevithick, 
and has always ended in disappoint- 
ment. Nothing can be more certain 
than that the greatest admissible ratio 
of expansion is about eight to one. If 
elaborate experiments and investigations 
have ever proved anything they have 
proved this. There is not in existence 
a single trustworthy record of an ex- 
periment which proved that it was more 
economical to expand steam twelve times 
than eight times in any engine; nor 
will such a result be obtained until a 
non-conducting cylinder is produced. 
Now the economy due to any given 
measure of expansion is independent of 
the initial pressure, that is to say, we 
shall have, ceteris paribus, the same re- 
sult whether we expand 50 lbs. or 100 
Ibs. steam, say, four times. The limit to 
expansion is to be measured always at 
the lower or condenser end of the 
scale. If we take the terminal pressure 
as 8 lbs. on the square inch absolute— 
and this is about the best with ordinary 
condensers—then it is clear that with an 
eightfold expansion the initial cylinder 
pressure should be 64 lbs. absolute, and 
the load on the safety valve may be 
60 lbs. per square inch, or 75 lbs. ab- 
solute. If, however, it was practicable 
to reduce the terminal pressure to 6.4 
Ibs., then the range of expansion might 
be augmented to ten times without in- 
creasing the boiler pressure; whereas, 
if we want to expand ten times, the 
terminal pressure being 8 lbs., we must 
increase the initial pressure to 80 lbs. 
In other words, by reducing the ter- 
minal pressure 1.6 lbs. we get precisely 
the same result as though we augmented 
the boiler pressure 16 lbs. Thus it would 
be far better for engineers to endeavor 
to obtain better vacuums than to increase 
boiler pressures; and if as much atten- 
tion was paid to condensers as is now 
devoted to boilers, this end would be ob- 
tained and fuel saved. Few marine en- 
gines after they have been a little time 
at work carry more than 24 inches or 25 
inches of yacuum, while 27 inches or 
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274 inches might be had under different 
arrangements. Finally, the progress of 
‘improvement in steam engineering should 
take the direction we have sketched— 
that is to say, every effort must be di- 
rected to keeping the inside of the cylin- 
der dry; and if this end be secured the 
rest will follow, provided proper care is 
taken to supply the engine with pure 
steam economically generated. 

During the past year but little was 

done towards the introduction of steam 
power on tramways. Up to the present 
/moment it would seem that Mr. Hughes, 
of Loughborough, has been more suc- 
cessful than any one else in constructing 
\engines for this purpose. A somewhat 
novel form of engine constructed by Mr. 
Brown, of Winterthur, is being used on 
the Paris tramways. But very slow 
progress indeed is being made in the 
right direction in this country. The ex- 
perience obtained in Paris indicates that 
it may be quite possible to dispense with 
‘condensing arrangements, and that all 
, devices which conceal the men in charge 
of the engine are prejudicial, inasmuch 
as horses will not take the alarm if only 
they can see men, while they are intimi- 
dated by the movement of large covered 
vehicles apparently without human 
agency. 

In no department of mechanical en- 
gineering is there a greater demand for 
energy just now than in the design and 
production of machine tools and labor- 

saving appliances. In this respect our 
American competitors have a great ad- 
vantage over us. A firm engaged in the 
‘production of any article which can be 
made almost wholly by machinery, is to 
‘a large extent independent of human 
labor; he can laugh at strikes and realize 
'a good profit where others can hardly 
make both ends meet. As an example 
of what may be done in this direction, 
'we may cite the American Walthan 
watch, said to be equal in quality to the 
best English watch, and made wholly 
by machinery. The Enfield Small Arms 
Factory supplies another example. In 
one case a large manufacturer of im- 
|plements has carried the machine tool 
| system to such perfection that he employs 
|none but ordinary laborers, such as 
|may be found in almost any agricultural 
\district. Unfortunately, engineers have 
‘not hitherto availed themselves sufficient- 
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do 


sential particular. 


of tools, and those tools which they | opinion is that the days of puddling, at 
use are too often defective in one es-| least in the ordinary sense of the word, 
We allude to the| are numbered. Steel is to be the metal 


means provided for putting work into a/ of the future, or at least iron produced by 


tool and adjusting it. 


More time is fre-| what may be called a steel process. It is,. 


quently spent in getting an article to be however, too soon to speak very decided- 
bored, placed and secured than is subse-|ly on this subject. We may say, how- 


quently required to do the boring. The 
ordinary arrangements for fixing work 
on face-plates, plane beds, and such like 
are often disgraceful to the skill of the 
age, and any tool-maker who will turn 
his attention in this direction, and effect 
a change for the better, will do much to 
help his countrymen to contend against 
competition and strikes. 

In the mechanical engineering of war- 
fare we appear to be as far from finality 
as ever. We have so recently described 
the existing condition and prospects of 
the gun v. armor-plate controversy, that 
we need say little concerning the novel- 
ties in armor-plating which are likely to 
be developed during the present year. 
We may, however, call attention to a 
fact which it is not unlikely may be 
overlooked. It is that there are three 
elements in the armor-plate and gun con- 
test, namely, the gun, the projectile, and 
the plate. Once the shot has left the 
gun, the latter has no more to do with 
the matter, and the fight is carried on 
subsequently between the shot and the 
plate. Now the danger is that the shot 
may be neglected, while we go on in- 
creasing the power of gun and armor. 
Already there are indications that the 
plate is likely to prove too much for the 
projectile, although it would easily suc- 
cumb to the gun. Thus we can tell 
accurately how many foot-tons of work 
must be in the shot to enable it to get 
through a given plate; but if much of 
this work is expended in breaking the 
shot, so much less will be left to perfo- 
rate the plate. There is reason to be- 
lieve that chilled projectiles will ulti- 
mately have to give way to something 
stronger, and this something is obviously 
steel. 

In the mechanism of the iron manu- 
facture little if anything has been effected 
that is new during the last year; nor do 
we see that much prospect exists that 
any important changes will be intro- 
duced during the present year. In ma- 
chine puddling but slow progress is 
being made, and the general drift of 








| 


ever, that it is improbable that any very 
remarkable novelty in the mechanical 
engineering of the iron manufacture 
will be introduced during the ensuing 
year. As bearing with much importance 
on the development of the steel industries 
in this country, we may call attention to 
the circumstance that Lloyd’s have 
agreed to sanction the use of steel in 
shipbuilding. We have already referred 
at length to one circular on the subject, 
issued by the association, and the follow- 
ing extract, from a second report just 
issued, will show precisely how the mat- 
ter stands at present. Our readers can 
judge for themselves from this what pro- 
gress the employment of steel in ship- 
building is likely to make during the 
year. “After making the fullest in- 
quiries,” says Messrs. Martell, Cornish, 
and John, “it is gratifying to be able 
to state that the Committee’s circular, 
recently issued on steel for shipbuilding, 
appears to have met with very general 
approval. At the same time, after a 
most careful consideration of the subject 
in connection with our recent visit, we 
are of opinion that the circular would be 
improved and the Committee’s objects 
be more fully carried out by the follow- 
ing alterations and additions, which we 
also believe would be cordially accepted 
by the manufacturers and others inter- 
ested:—(1) A special brand should be 
required to be legibly stamped in two 
places on every plate and angle, and this 
should in each case be recognized by the 
manufacturer as denoting on his part 
that the material is capable of with- 
standing the Committee’s tests, and that 
a shearing from each plate or angle so 
marked had already been satisfactorily 
submitted to the temper test required by 
the circular. (2) The limits within 
which the tensile strength is fixed 
might with advantage be raised so as to 
become from 27 to 31 tons per square 
inch. (3) The elongation of 20 per cent. 
required should be fixed for a definite 
length of 8 inches, or if a shorter length 
be taken for testing, the percentage of 
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elongation should be correspondingly in- 
creased.” Mr. Parker, chief engineer 
surveyor to Lloyd’s, is carrying out a 
series of experiments on the manipula- 
tion of steel for boilers, with a view to 
the preparation of a report, which, 
coming from Mr. Parker, can hardly fail 
to = very valuable. 

ne of the earliest incidents in the 
past year was the appearance of the re- 
ort of the Special Committee of the 


cal Government Board on the several | 
'tricts for the purpose of carrying out 


modes of treating town sewage. The 
Committee consisted of Mr. C. 8. Read, 
M.P., and Mr. Rawlinson, C.B., assisted 
by Mr. Smith, the Secretary to the late 
Rivers Pollution Commission. The 
general tenor of the report was unfavor- 
able to chemical processes for the treat- 
ment of sewage, and the Committee 
stated that “The application of town 
sewage to land is shown in this report 
to be the cheapest mode of disposing of 
it.” Nevertheless, the Committee ac- 
knowledged “that land irrigation is not 
practicable in all cases; and, therefore, 


other modes of dealing with sewage | 


must be allowed.” But the report failed 
to recommend any “ other mode,” unless 
it were to be found in the statement 
that “towns situated on the sea coast or 


on tidal estuaries may be allowed to turn | 


sewage into the sea or estuary, below the 
line of low-water, provided no nuisance 
is caused.” Undoubtedly any method 
of treating sewage, however summary 
and wastful, which causes no nuisance, 


is to be tolerated, if not commended. 
The appearance of this report produced | 


no great sensation, and does nct appear 
to have assisted the sewage question in 
any marked degree. In the month of 
February a deputation from the Society 
of Arts, headed by Lord Alfred Churchill, 
waited upon the President of the Local 
Government Board, and seriously as- 
tonished Mr. Sclater Booth by stating 
that not more than three-fourths of the 
houses in the metropolis were connected 
with the main drainage system. 
turn, the deputation themselves received 
a surprise, on bein 
President of the Local Government 
Board that he had nothing to do with 
the drainage of the metropolis. The 
subject was one for the Home Secretary. 
The deputation suffered further dis- 
couragement on being told by the Presi- 


In re- | 


informed by the. 


dent that he “was not one of those who 


was disposed to find fault with the gov- 
ernment of London,” adding “he 
thought it was much more easy to find 
fault than to suggest remedies.” As 
the deputation were evidently a little at 
sea on the subject, they “ withdrew,” 
having accomplished nothing beyond 
learning a little more than they knew 
before. One feature of the sewage 
question which has lately become promi- 
nent is that of combination among dis- 


large intercepting works. Cases of this 


|kind present themselves in the Thames 


Valley and elsewhere. In May, the 
Society of Arts held a conference on the 
health and sewage of towns, and a sum- 


mary of returns from a large number of 


places was laid before the meeting by 
Mr. P. Le Neve Foster. In Parliament, 
a bill introduced by the Government, for 
consolidating the laws relative to the 
health of the metropolis, was withdrawn 
towards the close of the session, con- 
siderable opposition having been offered 
to the measure, on the ground that it 
gave the Local Government Board 
power to over-rule the local authorities. 
In the autumn the Local Government 
Board issued a circular, addressed to the 
various sanitary authorities of the king- 
dom, explanatory of the provisions of 
the Act for Preventing the Pollution of 
Rivers. The Act was passed in 1876, 
but its penal clauses remained in abey- 
ance for twelve months. At the annual 
meeting of the British Association a 
valuable paper on certain laws of popula- 
tion was read by Dr. Farr, making it 
sufficiently clear that sanitary reformers 
need not be checked by the fear that the 
globe was in danger of becoming over- 
populated. At the Social Science Con- 
gressat Aberdeen, Mr. Edwin Chadwick, 
C.B., gave an address on “ Health,” in 
which he cited a number of facts to show 
the success which attended sanitary 
measures when these were thoroughly 
carried out. In the month of October 
the Sanitary Institute of Great Britain 
held a congress at Leamington, when Dr. 
Richardson delivered an address in sup- 
port of his theory that the poison pro- 
ductive of so-called “zymotic” disease 
is in no case a germ, but is the result of 
a disturbed glandular action, bearing a 
general resemblance to snake-poison. 
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Hence a patient suffering from a commu- 
nicable disease, such as scarlet fever, is 
simply regarded as “a poison-producing 
animal,” temporarily brought into a con- 
dition analogous to that of a poisonous | 
snake. How far this theory may affect 
the progress of sanitary measures we 
cannot pretend to say, but the past year | 
has been witness to a considerable 
amount of controversy over the germs, 
in which Professor Tyndall, Dr. Bastian, 
and Dr. Burdon Sanderson have been 
conspicuous. Whatever the nature of 
the process, there has been a remarkable 
persistence in the outbreaks of typhoid 
fever in royal residences and public 
offices. Marlborough House has only 
lately been made fit to live in, and the 
public are at length congratulated on 
the fact that all the abodes of the British 
Royal family are free from poisonous 
gases. The latest phase of the sewage 


question consists in a report from Cap- 
tain Calver, on behalf of the Thames 
Conservancy Board, announcing that the 
sewer outfalls of the metropolitan main 
drainage works are seriously polluting 
the river, and silting up the channel. 
Sir Joseph Bazalgette disputes the fact, 


and an official statement on behalf of the 
Metropolitan Board of Works is under- 
stood to be in course of preparation. 
During the autumn, some inquiries have 
been conducted by Mr. R. Rawlinson in 

rovincial towns, under the Pollution of 
Rivers Act, and it is probable—or possi- 
ble—that in the course of the incoming 
year some practical results will accrue | 
from the new law, but it is by no means | 
easy to say what direction they will 
take. Itis at least certain that enough 
remains to be done to give ample em-| 
ployment to sanitary engineers for years | 
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greatest good to the greatest number. 
A few years ago even thinking minds 
thought it wonderful that a message 
could be sent by means of a wire and a 
dirty-looking trough; but “familiarity 
breeds contempt,” and the youngest 
amongst us sees nothing wonderful in it 
now. We are, however, going far be- 
yond the sending of a message, so that 
for some time past two messages have 
been sent on the same wire at the same 
time. The duplex system is now being 
superseded by the quadruplex system, 
by which no less than four messages 
can be transmitted along the same line- 
wire at the same time. During the past 
year the quadruplex system has been 
introduced into England, and is being 
tested by the Government, with a view 
to its more extensive application. In a 
résumé of this kind it is impossible to 
enter into details which require diagram- 
mic illustration, but there are one or two 
sentences it would be well to quote to 
show the principles employed. In a 
paper published in June, 1873,- Mr. O. 
Heaviside pointed out that the invention 
of a system of simultaneous transmission 
in the same direction furnished the solu- 
tion of the problem of quadruple trans- 
mission. “It is,” he says, “ theoretically 
possible to send any number of messages 


| whatever simultaneously in one and the 


same direction upon a single wire”—the 
italics are ours. Now, by combination 
with a null duplex system, it obviously 
becomes possible to send any number of 
messages in the other direction while the 
opposite correspondences are going on, 
and without interference. Thus the 
working capacities of telegraphic circuits 
may be increased indefinitely by suitable 
arrangements.” Messrs. Edison and 


to come, if only the requisite funds are Prescott of the Western Union Tele- 
forthcoming; and it would also appear| graph Company, seeing that the duplex 
that the questions connected with the| system was destined to lead to some- 
chemical purification of sewage are by| thing more, experimented and modified 
no means yet set at rest. In other till they had devised a system materially 
words, a perfectly efficient and satisfac-| differing from all previously in use, and 
tory process of the kindis wanted. Such|which formed the basis of a system 
@ process would go far to extract local which was the “ first practical solution 
boards from a host of difficulties which | of the problem of quadruplex telegraphy.” 
still surround them. ’ |Mr. Prescott, in his address before the 

In considering the year’s work in the Society of Telegraphic Engineers, said : 
science and practice of electricity, we! “The distinguishing principle of this 
are inclined to give the first place to| method consists in combining together 
those methods of applying our knowledge two distinct and unlike methods of sin- 
which seem to us calculated to give the gle transmission, in such a manner that 
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they may be carried on independently 
upon the same wire and at the same time 





without interfering with each other. 


One of these methods of single trans- 
mission is known as the single current, 
or open circuit system. In the double 
current system the battery remains con- 
stantly in connection with the line at the 
sending station, its polarity being com- 
pletely reversed at the beginning and at 
the end of every signal without breaking 
the circuit. The receiving relay is pro- 
vided with a polarized or permanently 
magnetic armature, but has no adjusting 
spring, and its action depends solely 
upon the reversals of polarity upon the 
line, without reference to the strength 
‘of the current. In the single-current 
system, on the other hand, the transmis- 
sion is effected by closing and breaking, 
or increasing and decreasing the cur- 
rent, while the relay has a neutral or 
soft iron armature, provided with a re- 
tracting spring. In this system the 
action depends solely upon the strength 
of the current, its polarity being alto- 
gether a matter of indifference. It will 
therefore be apparent that by making 
use of these two distinct qualities of the 
current—viz., polarity and strength, two 
sets of instruments may be operated at 
the same time on the same wire. This 
method possesses, moreover, the import- 
ant practical advantage that the action 
of each of the two receiving relays is 
perfectly independent. Each receiving 
operator controls his own relay, and can 
adjust it to suit himself without inter- 
fering with the other.” It will thus ap- 
pear that although all difficulties are not 
yet overcome, we are fairly on the road 
to utilize to a much greater extent the 
lines already in existence. It is needless 
for us to point out the value of quad- 
rupling the carrying power of lines be- 


tween populous centers of industry where | 


time is in reality money. 

The majority of readers, if not of 
writers, would probably have spoken of 
the telephone as the most prominent and 
useful of the newer adaptations of tele- 
graphic science. Wonderful as it is, we 
think it must take second place. Since 
the publication of an article on the tele- 


phone in Zhe Engineer for July 20th, 


1877, Prof. G. Bell has delivered several 
lectures on this instrument, and great 
efforts are being made to give it a per- 


! 
manent place in our midst. Several im- 
portant uses have been found for it, 
among which we may mention that in 
mining operations, to enable the mana- 
ger of a mine to ascertain the rate at 
which the air current is passing through 
the workings. The telephone is made to 
repeat the sounds produced by a spring 
vibrated at every tenth revolution of an 
anemometer by suitable mechanism, the 
spring being placed in close proximity 
to the pole of a magnet, where it vibrates 
without touching the magnet. A coil 
surrounding this magnet is joined up in 
the usual way to wires leading to the 
telephone, and it is found that every 
“ tick ” of the steel spring is heard in the 
telephone. This application is the in- 
vention of Messrs. Le Neve Foster and 
H. Hall. It seems to us that the inven- 
tion can easily be extended to the record- 
ing permanently ofthe velocity of the 
wind. Whilst experimenting in one di- 
rection there seems to be an absence of 
experiment in another. Photography is 
utilized at Greenwich, Kew, and other 
observatories to record the magnetic de- 
viations, @.¢., motions of a magnet. 
True, some of these motions are slow, 
but not always, so that a more sensitive 
paper would possibly be acted upon by 
light influenced by vibrations. For 
some years our thoughts and experiments 
have tended in this direction, and, as we 
say, there is plenty of room for investi- 
gation. The other application we have 
referred to is that for the use of divers. 
A telephone of suitable construction is 
placed in the diver’s helmet and connect- 
ed to the wire which serves to expand 
the air pipe. Experiments made with 
this arrangement in Messrs. Siebe and 
Gorman’s tank were perfectly successful. 
Whilst giving due credit to Prof. 
Bell for his discoveries, we must not for- 
get that others have invented telephonic 
apparatus besides Prof. Bell, and they 
‘should not be forgotten. Mr. Edison 
has invented a speaking and recording 
telephone, which has been noticed in our 
columns. But Mr. Edison has invented 
even a more surprising instrument, which 
we hope to describe and illustrate at an 
early date. Meanwhile, the following 
remarks from the Scientific American 
'will be read with astonishment :—‘ Mr. 
Thomas A. Edison recently came into 
. this office, placed a little machine on our 
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| 


desk, turned a crank, and the machine| wound with as much as they will hold 
inquired as to our health, asked how we | of insulated copper wire, of aout 75 


liked the phonograph, informed us that inch thick. 


The three magnets are 


it was very well, and bid us a cordial | superposed one on the other, the center 


good night. These remarks were not 
only perfectly audible to ourselves, but 
to a dozen or more persons gathered 
around, and were produced by a very 
simple mechanism. Across the 


diaphragm, and to the center of this 
diaphragm is attached a metal point. 
brass cylinder is so adjusted as to re- 


volve on its bearings by a screw-thread, | h 
current is sent through them. Vertically 


working in a nut, so that when revolving 
it has also a horizontal travel in front of 
the mouthpiece. 


scribes a spiral trace over the surface of 
the cylinder. On the latter is cut a 


spiral groove of like pitch to that on. 


the shaft, and around the cylinder is at- 
tached a strip of tin-foil. The foil where 
it passes over the groove in the cylinder 
is easily indented, and these indentations 
are necessarily an exact record of the 
sounds which produced them.” Given 
the indentations caused by the vibrations, 


it was necessary to convert them back | 


again into the vibrations, and this Mr. 
Edison does by another diaphragm and 


a metal point, the latter being held | 
against the tin-foil in the cylinder by | 


means of a delicate spring. Of course 
the action of the point against the in- 


dentations causes the diaphragm to vi-, 


inner | 
surface of a mouthpiece is a metal 


A | 


The point of the di-| 
aphragm, when the latter vibrates, de-| 
‘being tightly screwed. When the in- 


brate and to reproduce the original | 


sounds. 
duced immediately but may be sent forth 
again after the lapse of any number of 
years, so that a voice uttering sentences 


The sounds need not be repro- | 


now may be heard in future ages, when | 


the utterer has long passed away and 
been forgotten. 

Prof. Dolbearalso has a telephone, which, 
although not so simple as some others, 
is interesting. He uses three horseshoe 
magnets, above six inches long, and 
strong enough.to hold up several times 
their own weight, and two bobbins with 
insulated wire. These bobbins are about 
$ inch long and 14 inches broad. Through 
the center of the bobbin a hole 4 inch in 
diameter is bored, into which a piece of 
soft iron is fitted in such a manner as to 
project slightly on one side, but further 
on the other, which is firmly clamped 
between the magnets. The bobbins are 


of the three being drawn back, so as to 
admit the ends of the soft iron rods on 
which the bobbins are fitted. The mag- 


‘nets rest on a wooden block mounted on 


a stand, and a screw holds them firmly 
and clamps the rods carrying the bob- 
bins, which are pinched between the up- 
per and lower magnets. The wires are 
connected as they would be to make op- 
posite poles of their outer ends when a 


in front of the bobbins is fixed a board 
with a hole cut in the center, over the 
hole a piece of thin sheet iron or steel 


strument is used as a receiver, a short 
tube of about 2 inches in diameter may 
be made fast to the front of the board in 
a line with the center of the plate. The 
action of this ingenious apparatus will 
easily be understood by our readers. 
Some experiments have been made with 
telephones connected with cables, but 
the most rudimentary knowledge of 
electrical science is sufficient to show 
that the invention cannot be used over 
cables of any length. The longest 
hitherto tried is that between Holyhead 
and Dublin—less than seventy miles— 
and then the sound appeared muffled, as 
if spoken through a respirator, instead 
of being clear and distinct. In reasoning 
about what may occur in a cable, one is 
compelled to consider both the inductive 
and the conductive action, and although 
the telephonic action takes place through 
a conductive circuit of hundreds or thou- 
sands of miles in length, the action can- 
not generate sufficient quantity to over- 


‘come a comparatively small induction. 


The cable has, so to speak, to be filled 
with electricity, and the telephonic ap- 
paratus fails to comply with the require- 
ments. Thus its use is restricted to 
overhead wires or short underground 
wires and cables. We have heard de- 
scribed a very plausible, but indirect, 
means by which sounds might be trans- 
mitted at a very great expense through 
long lengths of cables by an extension of 
Bains’ chemical process as applied by 
Mr. Edison in his motograph. The tele 
phone acts perfectly through such a short 
cable as that between Dover and Sand- 








gatte, as was proved by the experiments 
made on Dec. 29th last. According to 
Dr. Muirhead, who has carefully tested 
the instrument by means of his artificial 
cable, the limit of action is soon reached. 
His experiments were made through a 
length of artificial cable of the type of 
the Direct United States Cable, so con- 
structed that inductive or conductive 
action could be added at will. In speak- 
ing by telephone through a hundred 
miles of this cable, with conductive cur- 
rent only, the words were comparatively 
loud and distinct, but the instant induc- 
tion was added the voice lost both power 
and distinctness to a remarkable degree. 
It appeared only half as loud as before, 
and dull and smothered in tone. With a 
hundred and fifty miles of artiticial 
cable, while the voice was apparently as 
strong as ever through the resistance cir- 
cuit alone, it was completely silenced by 
putting on the capacity. Even with the 
best telephone, the extreme limits of 
articulation by direct means would be 
less than two hundred miles. Theory 
points out, and experiment verifies the 
fact, that a long-continued sound will be 
to a certain extent transmitted, and thus 
singing can be heard through a greater 
length of cable than talking. In the 
latter the duration of the sound is short, 
and a sufficient time is not given to allow 
the inductive action to be overcome. 

It may be interesting to have some 
conception of the relative position of 
various countries as regards telegraphic 
convenience. The latest statistics give : 
Miles of line. Offices. Sq. m. of area, 
England. 75,000 5600 or 1 mile of line toevery 1} 
France, 3700 “ 7 
Italy.... 1400 
Austria. . 2900 
Germany 
United States. 79,000 
British India. 15,700 
Turkey 17,600 400 
Russia........ 31,500 900 
Electricians regret the loss of Henry 
Daniel Ruhmkorff, whose name is closely 
connected with the history of magneto- 
electricity. The famous “Ruhmkorff 
coil” first appeared in 1851, and for the 
invention he received a decoration and 
medal in 1855, and in 1858 the first prize 
of 50,000f. at the French exhibition of 
Electrical Apparatus. Herr Ruhmkorff 
died suddenly on December 20th, at 
Paris. We also lost Mr. Bain in the 
early part of the year. He was one of 
the giants in electric discovery. 


3300 
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Tue Revue Industrielle says of dis- 
coveries and labors in physical science: 

“The last months of the year just 
closed were distinguished by a succession 
of remarkable exploits in the domain of 
the physical sciences. The scientists of 
the United States were particularly 
distinguished by their labors. The old 
continent can produce nothing to com- 
pare with the discoveries of the satellites 
of Mars; the presence of oxygen in the 
sun; and the Telephone.” 

In France the most interesting scien- 
tific event was, without doubt, the 
liquefaction of gases. M. Cailletet of 
Chatillon-sur-Seine and M. Pictet of 
Geneva, working independently of each 
other, have succeeded in reducing oxy- 
gen, nitrogen, nitric di oxide, carbonic 
oxide to true liquids, and hydrogen toa 
cloudy, vaporous condition. 

The results were obtained by the com- 
bined effects of a pressure of 200 to 300 
atmospheres, and a temperature of 30°C. 

It may therefore be stated that the 
last of the gases have yielded to the 
skill of these savants and that all known 
aeriform bodies have been exhibited at 
sometime or other in the liquid form. 


Of the decline of the trade in coal 
and iron the London Times says: 


“There is hardly any aspect of nation- 
al suffering more painful than the fall 
of a grezt industry into melancholy and 
forlorn stagnation. Such a calamity is 
usually to be traced directly to some 
palpable mistakes in policy on the part 
of either capital or labor, or both; and 
it lacks the tragic dignity which clothes 
the visitations of plague, pestilence and 
famine. In the latter, too, there is al- 
ways a gleam of hope behind the dark- 
est cloud; the most merciless epidemic, 
the most cruel scarcity, must, we know, 
some day slacken and soften, and finally 
pass away. But when a great industry 
is smitten, there is no guarantee that it 
will ever revive on the ground where it 
once had flourished. A new demand 
will, no doubt, spring up, but in the 
meantime new sources of supply may be 
opened, and to these, by preference, 
commerce may resort. Thus it happened 
with the Thames shipbuilding trade. 
We sincerely trust that a better fortune 
is in store for the iron trade, which is 
now passing through a period of depres- 
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sion that in some parts of the country 
involves extreme misery among the work- 
ing people. The misfortunes of this in- 
dustry have contributed to produce simi- 
lar and even more grievous distress in 
the coal districts of South Wales. We 
published the other day some particulars 
of the state of the South Wales col- 
lieries, where the price of coal has 
fallen far below a remunerative standard, 
and the production is, notwithstanding, 
vastly in excess of the demand. At 
Cardiff Docks, it is stated, there are 
‘miles of laden coal wagons waiting for 
shipment,’ and the exportation has fallen 
off within half a year from 363,000 tons 
a month to 215,000. At Newport the 
falling off is computed to be 20,000 tons 
a month, and at Swansea, 10,000 tons. 
All along the Rhondda Valley, where 
the output of coal is the greatest in the 
whole of South Wales, the collieries 
barely keep at work, for the masters 
allege, probably with truth, that they 
lose upon the sale of every ton of coal, 
and that they continue production sim- 
ply for the sake of finding some em- 
ployment for the laboring population. 

“This paralysis of the chief industry 
of South Wales has produced already 
widespread distress, exceeding in intens- 
ity and rivaling in extent the misery 
among the colliers and ironworkers after 
the strike of 1875. Of the five hundred 
collieries in Glamorganshire and Mon- 
mouthshire, only twenty are working 
full time. At Cardiff the workhouse is 
thronged, the board-room and _ offices 
have been converted into dormitories, 
a supplementary stoneyard has been 
opened for the employment of married 
men, and the applications for admission 
are increasing at the rate of about fifty 
a week. 

“As yet nothing quite so bad as the 
pauperism existing in South Wales col- 
liery districts has been reported from 
any of the chief centers of the iron trade; 
but it is certain that the distress in this 
industry also must become very severe, 
unless an improvement quickly shows 
itself, of which at present there are no 
signs. We published a report from our 
Birmingham correspondent, in which it 
was stated that ‘several of the works 
closed lately would remain closed for an 
indefinite period.’ The economical his- 
tory of 1877 in this branch of trade is 
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most discouraging. At the beginning of 
the year there were very sanguine hopes, 
which might have ripened into reality if 
the complications in the East had not 
produced a palsying sense of uncertainty 
and alarm. Yet the foreign demand for 
some kinds of iron was diminishing; 
American competition was threatening; 
excessive production and accumulation 
of stocks stimulated a rivalry that 
caused a general fall in prices. In some 
districts an attempt had been resolved 
upon to make a stand against the glutted 
markets and shrinking values by a sys- 
tematic limitation of the output. But 
only partial success has rewarded the 
effort. The fall in prices has been 
gradual and general, and is too con- 
siderable to be accounted for by certain 
reductions in the cost of production, as 
in the price of coal and ironstone and in 
the wages of furnacemen. This fall, 
moreover, has gone on in spite of the re- 
duction in the producing facilities of the 
country. Out of 927 furnaces erected 


/at the beginning of the year only 585 


were in blast, and it is probable, we are 
told, that no more than 500 are now at 
work. Yet those which continue in 
blast show an increasing average output, 
and it is believed that the tendency is 
toward a smaller number of: producing 
establishments with a larger production 
fromeach. The general result, however, 
is that there is at the same time a reduc- 
tion in price, a diminution in the produc- 
ing powers of the British iron industries, 
and a consequent but not corresponding 
restriction of the output. Though the 
war has to some extent interfered with 
the foreign demand, it is in the home 
consumption that the depression of 
which complaint is made is chiefly visi- 
ble. Stocks have accumulated in nearly 
every one of the iron districts, even 
where the new demand for steel rails has 
attracted business to the detriment of 
the old iron rail-making mills. The 
consequence is that the producers of 
crude iron must in self-defense limit the 
output, and this can not be accomplished 
without inflicting many hardships upon 
a large industrial population.” 
—————— 

A company has been formed for the 
construction and working of tramways 
within the borough of Derby and its 
vicinity. 
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BESSEMER STEEL. 
From “ London Times.” 


Less attention than they deserve has | extent in Sheffield in the manufacture of 
been given to the purely statistical as- mild steel—cost from £40 to £60 per 
pects of the Bessemer steel trade. The | ton, according to the purpose for which 
substitution of Bessemer steel for malle- | it was required. Bessemer, however, 
able iron has been accomplished so | produced steel equally suitable for cer- 
largely and so rapidly, consequent upon |tain ends, by his so-called pneumatic 
the cheapening of the former product, | process, at £12 per ton, and, when his 
that people seem to have had regard | royalty had ceased, for considerably less 
less to the growth of the steel manu-|even than this. Successive improve- 
facture than to the decadence of its | ments, introduced since the process was 
sister industry, which that growth in- | first given to the world, have resulted in 
volved. Nor is this at all surprising | making Bessemer steel almost absolutely 
considering that statistics of the Besse-|as cheap, and relatively much cheaper, 


mer process have not heretofore been 
very readily accessible. In our own 
country, for example, there are no official 
statistics of the steel trade published 
from year to year to which the public 
have access. It was not even until a few 
years ago that the “ Mineral Statistics of 
the United Kingdom,” issued from the 
Mining Record Office, took cognisance 
of the number of Bessemer steel works 
established in the country, nor was it 
until this year that it issued any statistics 
as to the number of works carrying on 
the Siemens and Siemens Martin pro- 
cesses, which are now being adopted 
very largely both in the country and 
abroad. It yet remains for some official 
source to collect and circulate the statis- 
tics relating to the production and dis- 
tribution of steel in Great Britain, and 
we are glad to learn that the British Iron 
Trade Association has taken this duty in 
hand. The figures which we shall here 
make use of will be largely borrowed 
from the forthcoming annual report of 
that association on the iron and steel 
trades during 1877. 

The Bessemer process can hardly as 
yet be said to have passed into the region 
of history. The incidents of its develop- 
ment are almost of yesterday, less than 
twenty years having passed since it was 
senna A adopted. Previous to Mr. 

essemer’s great invention, steel was 
chiefly manufactured by the process of 
Huntsman, who was the first to produce 
cast steel by fusion in crucibles placed 
among the coke of an air-furnace. The 
steel produced by Huntsman’s process— 
which is still carried on to a considerable 


|than ordinary malleable iron. Hence 
|has followed the decay and collapse of 
ithe finished-iron trade, which has gone 
| to the wall with startling rapidity during 
| the last four years, involving, as a mat- 
| ter of course, the loss of a great deal of 
|capital and the transfer of much more; 
| the uncertainty, groping, and perplexity 
‘incidental to a new industry; the en- 
| forced idleness of thousands of workmen, 
|and the creation of new avenues of em- 
ployment for many more; and, finally, 
| the ultimate economy of all undertakings 
in respect of which steel has come to be 
employed. 

In this country, which is the eradle of 
the Bessemer steel trade, as it has been 
'of nearly all other great metallurgical 
| discoveries, the development of this in- 
dustry has been more rapid during the 
last five years than during any previous 
period of equal duration, notwithstand- 
ing that this interval embraces such a 
prolonged and serious tide of adversity. 
In 1870 there were only eighteen Besse- 
mer steel works in Great Britain, having 
|converters, and the total production of 
ingots was 215,000 tons. Last year 
there were twenty-four Bessemer steel 
works in operation, having 110 convert- 
ers, and producing about 750,000 tons. 
Hence the production had more than 
trebled within seven years, But these 
figures do not represent anything like 
the maximum capabilities of the Besse- 
mer plant available for use. The full 
extent of these capabilities can only be 
gauged approximately. Bessemer con- 
verters, like blast-furnaces, vary in their 





productiveness according to the treat- 
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ment they receive. In 1876, according 
to the Metallurgical Review for Decem- 
ber, 1877, the average output of a pair 


gone from 215,000 to 750,000 tons. Nor 
is this all. Americans, somehow, get a 
much better return for the capital invest- 


of 54 to 6 ton vessels in the United | ed in Bessemer works than their English 
States was 225 to 250 tons of ingots per competitors, There are only 27 Besse- 
twenty-four hours, and Dr. Siemens was|mer converters in the whole of the 
informed that at the North Chicago United States, and yet they produce 
Steel Works as many as seventy-three within 225,000 tons of the yield got in 
blows had been obtained in one pit in England from 110. The output of Bes- 
twenty-four hours. (“Journal of Iron semer steel ingots in America during 
and Steel Institute,” No. 1, 1877). But | 1877 is believed to have been much 
in this country 180 tons per twenty-four | larger than in 1876. Her own require- 
hours from a pair of 7-ton vessels is con- ments will supply America with a con- 
sidered a good yield, and in Germany stantly increasing demand for steel rails. 
the average yield of each converter in|There are now in that country about 
use did not exceed 6,728 tons per annum 80,000 miles of railway. ‘ Much of this 
—a discrepancy which Dr. Wedding mileage is single track, but, in the long 
ascribes entirely to the superior mechani-|run, no doubt it will be doubled and 
cal appliances of the American steel- supplied with as heavy metals as are 
makers (Reichsanzeiger for October,/used in our own county. To lay the 
1876). If, however, we assume that/ present railroads of America with a 
each Bessemer converter in the United double track of rails weighing 70 lbs. to 
Kingdom is only capable of yielding} the yard, would require between 15,000,- 
ninety tons per twenty-four hours we|000 and 18,000,000 tons of steel rails, 
should have a production of 27,000 tons! representing at present prices a capital 
per converter for 300 working days; of $126,000,000. These 18,000,000 tons 
and on this average the Bessemer plant | of rails would require renewal from time 
already cortstructed in the United King-| to time—for the longest-lived rail must 
don should be equal to furnishing} give way at last—to say nothing of the 
new mileage that must be opened out in 
the natural order of things, so that the 


2,970,000 tons of steel ingots per annum 
—a production equal to that of the 





whole world at the present time. 

On the face of it these figures would 
indicate that our productive resources 
have gone far ahead of the demand for 


. Bessemer steel. England is not the 

steel maker of the world in the sense 
that she was, until a few years ago, the 
world’s iron maker. We supplied iron 
to every country in Christendom, be- 
cause we had learnt, before other coun- 
tries, how to turn to commercial account 
the resources with which nature had so 
liberally endowed us. But before the 
steel era had been faily introduced other 
nations had become alive to the import- 
ance of supplying their own wants in- 
stead of trusting to another, and hence 
the fact that England’s development of 
the steel trade has proceeded pretty 
much on all fours with the competitive 
development of other countries. We have 
even lost ground relatively, although not 
absolutely, in the race of development, 
for the United States have increased 
their production of Bessemer steel in- 
gots between 1870 and 1871 from 40,000 
to 525,996 tons; while England has only 


American steel-rail trade may be regarded 
as pretty safe; and those who have it’ in 
hand appear fully determined to exclude, 
if possible, the competition of this 
country. But it is not America alone 
that now offers a rival front. Germany 
is producing 242,261 tons of Bessemer 
|ingots per annum; France 261,874 tons; 
| Belgium, 71,758 tons; Sweden, 22,789 
tons; and even Russia is now entering 
the field with an annual production of 
8500 tons. In Europe and America 
together there are now 85 Bessemer 
steel works, with 297 converters, capable 
of producing, if used in conjunction with 
the most recent appliances, not less than 
7,000,000 tons of steel per annum, or 
fully three times the quantity actually 
yielded at the present time. 

Although thus obviously suffering 
from the stagnation that is common to 
all industries, and most of all to our 
metallic trades, at the present time, 
there is a general consensus of opinion 
that steel is the metal of the future, and 
that our dependence must more and 
more be placed upon this product. 
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Much has been done within the last few 
years to cheapen the cost of production, 
so that steel rails at works in Sheffield or 
Wales cost now within 12s. per ton of 
iron rails in Cleveland. So much yet 
remains to be done in this direction that 
it need excite no surprise should steel 
rails be ultimately brought quite on a 
level with iron. But iron seems to be 
even already dodmed. The craft of the 
puddler and the cunning of the artificer 
in iron will be more and more at a dis- 
count. 

Some authorities, indeed, have pro- 
nounced puddling to be a thing of 
the past. This, perhaps, is going too 





far, but it is traveling, nevertheless, in 
the true direction. With dueallowances 
for certain kinds of merchant-iron pecu- 
liar to the Staffordshire district, steel 
will undoubtedly Cisplace iron in the 
long run. It has done so already for 
railway purposes. It is fast nearing 
that point when it will likewise eclipse 
iron for shipbuilding." The recognition 
now given to steel for naval construction 
both by the Board of Trade and Lloyd’s 
Registry will enable it to compete with 
iron, not only on equal but on better 
terms, and contracts for the building of 
both war and merchant vessels are now 
being executed at several of our ports. 
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By DE VOLSON WOOD, C. E., M. A. 


Written for Van NosTRaNp’s ENGINEERING MAGAZINE. 


I accept the corrections by Professor 
Skinner in the last number of the Maga- 
zine, so far as I misunderstood him. 
But in regard to Momentum, it appears 
to me that his language is liable to mis- 
lead those who have not already fixed 
opinions in regard to the matter. It is 
asserted that Momentum is pressure 
“under a certain condition.” Granting, 
for the moment, that this is correct, it 
gives to the student the idea that press- 
ure is the main thing, that it is the essen- 
tial part. The fact is that time, the 
“certain condition,” is an equally import- 
ant factor. With equal propriety we 
may assert that “momentum is seconds 
determined ‘under a certain condition.’” 
For if ¢’ be the number of seconds during 
which one pound of pressure must act 
in order to bring a body to rest, and the 
other notation as previously used we 
have 


Ft= MV=t’x1 lb. of force; 


from which ¢’ may be found when the 
momentum is known. So that if the 
force employed be always one pound, 
the momentum equals nwmerically the 
number of seconds during which the 
force must act to produce (or destroy) 
MV. 

If, in the former case, the time be two 
seconds instead of one, we have 


Ft=MV=34 F’X2 sec.; 
Vout. XVIIL—No. 3—16 





and we would then say that momentum 
is one-half the pressure “ under a certain 
condition.” ° 

Momentum is not pressure. It is a 
result, an effect, produced by pressure 
upon a free body acting during a certain 
time. Time and pressure are linked 
together in the result. One is a factor 
of the other. 

I consider quantity of motion as a 
proper term to express momentum, 
although, in the light of the difficulties 
which seem to surround the subject, it 
may not be the best term. This I ex- 
plained sufficiently in my former article. 
If the momentum be expressed by a 
single letter, as Q@, we have 

Q=MV. 

If now M=1, and V=1, we have 
Q=1, which, say, is a unit of moment- 
um. Simply expressing this operation 
in common language gives:—A unit of 
mass moving with a unit of velocity 
equals a unit of momentum. 

All nations and languages must use 
the same absolute unit for force in the 
sense that they must not only make the 


equation F=Mf 


true, but homogeneous. They may use 
different units for force, mass and ac- 
celeration; but when the preceding 
equation is established, the second mem- 
ber will be the absolute unit. 
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MOMENTUM AND VIS VIVA. 
By J. J. SKINNER, C.E., Pa. D. 
Written for Van NosTRanp’s MaGaZINE, 


Since the last number of this Maga- 
zine was published, I have read with 
mingled satisfaction and chagrin a little 
book by Prof. J. Clerk Maxwell, entitled 
Matter and Motion. My chagrin came 
from the thought that in my past ignor- 
ance of the existence of this book | had 
published some things that were here 
already better presented, and had pro- 
posed to introduce into mechanics a word 
or two for quantities which are here 
stated to have been already named. My 
satisfaction arose partly from the poor 
consolation that I have not yet met with 
any review in which my lack of knowl- 
edge on this last matter has been pointed 
out, and partly from the pleasure of find 
ing that on some of the questions, whose 
treatment in our text-books has seemed 
to me the most faulty, my own ideas are 
in substantial agreement with those of 
this distinguished physicist. I wish 
here to refer briefly to two or three of 
the author’s positions which have a 
direct bearing on some views that I have 
lately presented. 

1. Although the subject of Prof. Max- 
well’s book is Matter and Motion, I have 
been unable to find in it the expression 
quantity of motion. ; 

2. The author recognizes the necessity 
of distinguishing between momentum 
and toil; only his word for what I have 
called toil is impulse. On page 501 of 
the last volume of this Magazine, I define 
toil as the the exertion of force during 
time, and say that “the amount of toil 
of any force will be the product of the 
number of units of pressure by the num- 
ber of seconds during which it acts.” 
On page 43 of Prof. Maxwell’s book he 
says, “The product of the time of action 
of a force into its intensity if it is con- 
stant, or its mean intensity if it is varia- 
ble, is culled the impulse of the force.” 
I find by reference to his work on the 
Theory of Heat that he has there sug- 
gested a similar definition of the word 
impulse, but it had escaped my notice 
when I proposed the word ¢oi/. It may 
be a question, however, whether the 
common notions of people as to the 
meaning of impulse will not work more 
or less confusion in attempting to employ 
it hereafter with this signification. On 





page 44 of his recent book, Matter and 
Motion, the author says, “The word 
impulse was originally used to denote 
the effect of a force of short duration. 
such as that of a hammer striking a 
nail.” Ithink that thig, or something 
similar, is the meaning assigned to the 
word impulse by most of our books; 
although within a day or two I have seen 
in what I believe is our latest elementary 
work on mechanics, the statement that 
** An impulse is the time effect of a blow.” 
But the author of this latter work seems 
to have been unable to adhere to this 
conception; for he says a few lines 
farther on, “ When an effect is produced 
in an imperceptibly short time, the 
agency which produces it is sometimes 
called an instantaneous force,.. .. 
sometimes it is called an impulsive force, 
but .... it appears advisable to use 
the term impulse instead of either of the 
above,” thus imposing on the word im- 
pulse the meaning of both an effect and 
the agency which produces it. The same 
writer says elsewhere, however, that the 
word ¢oi/ (proposed as a general ex- 
pression for precisely what Prof. Max- 
well now defines as the impulse of a 
force) “can find no place in mechanics 
without expelling the present occupant 
. +. « the well-known term Momentum.” 
But, although the word impulse, accord- 
ing to one of its definitions, as given by 
the objector to the word éoi/, would seem 
in many cases to be nothing but a syno- 
nym for momentum, as also defined by 
him, yet a real defect in the language of 
mechanics would be supplied by a gen- 
eral acceptance of Prof. Maxwell’s defi- 
nition of the word impulse, provided it 
could be introduced without the con- 
fusion alluded to. Prof. Maxwell, loc. 
cit. goes on to explain that, as there is 
no essential difference between the case 
of a hammer striking a nail and any 
other case of the action of force, the 
word impulse will be used by him as he 
has defined it, without restricting it to 
cases in which the action is of an ex- 
ceptionally transient character. But the 
quotations from the American book 
given above would limit impulse to 
either an effect of a blow or to an agency 
producing an effect in an imperceptibly 
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short time; and the liability of contin- 
ually associating such ideas with the 
word impulse might make it easier and 
more advantageous for us to attach to 
the word ¢oi/ the technical meaning that 
Ihave proposed, than to give the same 
meaning to impulse, as proposed by 
Prof. Maxwell. 

3. Prof. Maxwell recognizes the ad- 
vantage of giving an appropriate name 
to that wnit of force which, by acting for 
one second on one pound of matter, shall 
give it a velocity of one foot per second. 
I have proposed, on page 422 of the last 
volume, that this wnit of force be called 
atend. On page 42 of Prof. Maxwell’s 
book, he says that this unit of force is 
called a poundal. This word was not 
mentioned in my copy of his book on 
Heat, but in the last_edition of that book 
he states that it is 4 name proposed by 
Prof. James Thomson. It is not alluded 
to in the comparison of English units 
with those of the centimeter-gramme- 
second system, in Prof. Everett’s work 
on Units, published in 1875, as revised 
by Profs. Maxwell and Foster; although 
the corresponding unit of the C.G.S. 





system, called the dyne, is there given. 
If the word poundal is established as the 
name of the unit of force which I pro- 
posed to call a tend, this word is not ad- 
missible, although its brevity would give 
it an advantage over the word poundal. 

Any one who wishes to read an ele- 
gant presentation of the subjects of 
matter, motion, force, momentum, vis 
viva, ete., can find it in the little work 
of Prof. Maxwell. He assumes for his 
three fundamental units the pound of 
mass, the foot of space, and the second 
of time, and derives the poundal of force 
from these. If this method, as explained 
by Prof. Maxwell, could be uniformly 
adopted by all English and American 
writers, I think it would, on the whole, 
be more satisfactory than the method in 
which a pound of force (pressure) is 
taken as a fundamental unit and the unit 
of mass derived from it, equal to what I 
proposed to call a matt. 

It is interesting to observe that Prof. 
Maxwell’s book is one of a series of 
Manuals of Elementary Science, pub- 
lished by the Society for Promoting 
Christian Knowledge. 





UPON DETERMINATION OF TIME, LATITUDE AND AZIMUTH. 
By L. WAGONER, C. E. 


Written for Van NostRanp’s MaGAZINE. 


Tue object of this paper is to pointland by means of the lower tangent 


out a method of determining any or all 
of the above elements, by means of equal 
altitudes and the horizontal angle be- 
tween two stars or planets whose places 
are known. This method was investi- 
gated and first applied while the writer 
was in charge of the primary triangula- 
tion in the survey of the Brazilian em- 
pire, and its special feature is that it dis- 
penses with the necessity of the vertical 
angles, hence an ordinary transit or the- 
odolite capable of measuring the hori- 
zontal angle is sufficient. ‘The method 
adopted is to select two nautical almanac 
stars, whose elevation differs but little, 
and whose horizontal difference is from 
90° to 180°. The stars should be as low 
as possible, and for observation with the 
ordinary field instruments not less than 
the third magnitude. The instrument 
having been carefully leveled and the 
verniers placed at zero, the observer waits 
until the stars are nearly equal in alti- 
tude; the telescope is then clamped fast, 





screw the vertical wire is kept upon the 
star and its instant of passage upon the 
horizontal wire is noted; the upper 
clamp is then loosened and the vertical 
wire made to cover the second star, and 
its passage over the horizontal wire is 
noted upon the watch. The horizontal 
angle between the two stars is then read 
off, and, if desired, a mark in azimuth is 
also observed as well as the magnetic 
azimuth with respect to the zero, if the 
instrument carries a needle; this com- 
pletes the field work, and is usually ef- 
tected in a few minutes. If the time for 
observing be well chosen it need not be 
more than two or three minutes between 
the passage of the two stars; if the time 
is longer it may be necessary to intro- 
duce a correction for the watch error 
during the elapsed time. 

The reduction of the observation is ef- 
fected as follows: The first step is to 
correct the difference of right ascension 
between the two stars for the interval of 
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time between the two observations or hor- 
izontal passages. In the example given 
below the watch was known to be running 
upon mean time, hence no correction is 
needed for rate. The elapsed time 3m.44s. 

mean time is converted into sidereal time | 
and is subtracted from the difference of 
R.A. of the two stars for the following 
obvious reason. Aldebaran was to the 
west and was falling, while Spica being 
in the east was rising, and 3m. 44s. was 
waited for Spica to attain the same 
height; hence if the hour angle or dif- 

ference of R.A. between the two stars 
had been 3m. 49s. they would both have 
passed the horizontal wire at the same 
instant; the difference in R.A. having 
been corrected we now have the polar 
angle between the two stars and their 
polar distances, and resolving the re- 





maining parts of this triangle we have 


the distance between the two stars, and 
the angles at each star between the op- 
posite star and 8. Pole. Now one half 
of the observed horizontal angle is the 
opposite angle to one half of the dis- 
tance between the two stars, or, what is 
the same, we have a right-angled spheri- 
cal triangle, in which are given the base 
b and the opposite angle b; the side a is 
evidently the zenith distance of the stars 
or co-altitude, and the angle C’ added or 
subtracted from the angles at Spica. As 
Aldebaran will give the angle between 
observer and the pole, and as the two 
sides are known the resolution of the 
remaining parts will give the co-latitude, 
azimuth and hour angle astime. An ex- 
ample is appended showing the calcula- 
tion in detail, and it is believed that it 
will be sufficient to enable almost any 
one to apply this megbod: 


S.Pole 


a 


| 


CURITIBA 


EXAMPLE. 
Ouritiba, Brazil, Jan. 21, 1877. 

Observation for time, latitude and azimuth, 
by equal altitude and elapsed time with the 
horizontal angle between Aldebaran and 
Spica. 
H. M. 8. 
8 12 14pm. Aldebaran passed H and V wires. 
8 15 58 p.m. Spica 


8 44 Elapsed mean time=8m 44s.6 sidereal 


time. 





2 
E__/ 

2/ “* Aldebaran 

a 


The horizontal angle to right between the 
two stars was 153° 24’ 20”, and the magnetic 
azimuth of Aldebaran was.242° 08’ 00”. 

H. M. 8. 
By Nauti’l Almanac AR of Spica was 13 18 44.0 
‘*  Aldeb. “© 428 51.2 


diff. 8 ° 528 
Elapsed time 3446 


8H. 46m. 088.2) _, 
181° 32’ 03” t = 
65° 46’ 01".6 


Corrected Polar 
Angle = 





3C= 
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CALCULATION. 
To find the distance between the stars : 


8. Polar distance 

Aldebaran = 106° 15’ 28.8 106° 15’ 28".8 
8. Polar distance 

Spica + 79 28 48 .0 — 79 28 48 .0 


2)185 4416.8 26 46 40.8 
A=92° 52’ 08.4 B=13° 23’ 20'.4 


Cot. $ C=9.6533173 
Cos. B 9.9880326 
Secant A 1.3005736 

83° 28’ 44”.2 
tan. 0.9419235 








Cot. + C 9.6533173 
Sin. B 9.3646656 
CosecantA 0.0005447 


5 57 27.8 
tan. 9.0185276 
83 28 44 2 
89 26 12.0 =e at ? ~ ~enee between Spica 
ole 
77 31 16.4 enahe at Spica between Aldebaran 
and 8. Pole. 
77 31 16.4 sin.comp. 0.0103829 
131 32 03 sin. 9.8742269 
106 15 28.8 sin. 9.9822761 
= [stars. 


132 36 24.1 sin. 9.8668859 distance betw’n 
661812 sin. 9.9617465 4 “‘ bet. stars. 
76 4210 sin. 9.9881976 4 observed an- 

— [gle of stars. 
70 12 18.8 sin. 9.9731489 zenith distance 
764210 tan. 0.6264650 [of stars. 
70 12 18.8 cos. 9.5297438 
345440 cot. 
89 26 12 


0.1562088 angle at Alde- 
baran between Spica 
and Curitiba. 

2)54 31 32 angle at Aldebaran between Curitiba 

—  — and 8. Pole. 


~ ” 


271546 cot. 0.2879264 cot. 0.2879264 
18 01 35 sin. 9.4905974 cos. 9.97814328 
88 13 53.8co.sec0.0002069 sec. 1. 5106138 
tan. 1.7766835 F 
8y° 02" 31” 


‘ 


9. aaa 


“305951 tan. 
89 02 31 

= 15 28.8 

12 18.8 

176 27 47.6 
88 13 53.8 
36 03 10 
18 01 35 
120 02 22 Azimuth of Aldebaran from 8. Pole. 
58 02 40 Hour angle=3u. 52m. 10s.7 


Sin. comp. 0.0713692 
70 12 18.8 Sin. 9.9735489 
54 8132. 


Sin. 9. 9108241 
25 25 46 Latitude of Curitiba. Cos. 9. 955 57422 


au. & 
Hour angle 3 52 10.7 to east of Aldebaran. 
AR Aldebaran 4 28 51.2 


° ow 


1.9 P.M. 
4.0 P.M. 


Sidereal time=8 21 0 
Observed 8121 


8 47.9 slow on sidereal time. 
-_ 


Comp. of Az.=239 57 38 
Magnetic Az.=242 08 00 


Error of watch 


co 


Variation E 2 10 22 22 

| cian = 120° 02' 22” 
Latitude 25 25 46 
H. M. 8. 

Sidereal time 8 21 0.19 

Variation 2° 10'22’E 


Resumé 








INTERCEPTION OF RAINFALL FROM SEWERS. 


By BALDWIN LATI 


1AM, Mem. Inst. C. E. 


A Paper read before the British Association. 


THe interception of rainfall from 
sewers is a subject which has occupied 
the attention of engineers engaged in 
the prosecution of s sanitary works. It is 
now generally acknowledged that the 
admission of large and uncertain vol- 
umes of rainfall into sewers at uncertain 
periods, is attended with considerable 
difficulties, especially in districts where 
provision has to be made for the effect- 
ual cleansing of the polluted water at 
the outfall, before it is passed into the 
ordinary streams of the country. 

Hitherto it has been the practice, in 
the majority of cases where town sewer- | 


age has been carried out, to admit both 
rainfall and polluted liquids into one 
common sewer, and usually storm water 
overflows are provided at suitable points 
to relieve the sewers of the excessive 
burden which they have to carry in time 
|of heavy falls of rain. It must be ad- 
mitted, having regard to the flushing 
effect of a sudden storm on a sewer 
which has been adjusted to carry both 
| sewage and rainfall, that more or less de- 
posit takes place in such sewers, and 
that the first effect of a storm is to re- 
move the deposit, which passes away 
with the sewage through the storm 
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water overflows to the great detriment 
of the streams receiving the discharges 
from such overflows. The highly pol- 
luted water admitted into the streams 
through the storm water overflows, al- 
though probably only flowing for a 
limited period of time, produces very 
serious injury on account of the putres- 
cent state of the solids which have been 
disturbed in the sewers by the rainfall, 
and the consequence is that such fluids 
are more poisonous than ordinary sewage 
which may arrive at the outfall in a com- 
paratively fresh state. 

The complete separation of rainfall 
from sewers has found its adyocates in 
those who insist, in every case, that the 
rainfall should flow to the rivers, the 
sewage to the land. Experience has de- 
monstrated, however, that in towns in 
which there is considerable traffic, the 
water flowing from the streets in time 
of small rainfall is really more polluting, 
and contains more manurial elements 
than the sewage proper. This was very 
clearly shown from a number of sam- 

les which were collected from the 
streets of London, and analyzed by Pro- 
fessor Way. In rural districts, and pos- 
sibly in some urban districts, a large 
amount of rainfall may probably with 
advantage be separately collected and 
conveyed to the natural outfall of the 
district, but in the generality of towns 
the water flowing off the streets, espec- 
ially shortly after rain commences to 
fall, is of the worst possible character, 
and would, if turned into a fresh water 
stream, seriously pollute it. So long as 
the first water after rain in populous 
towns is permitted to flow into the fresh 
water streams, there must inevitably be 
a certain amount of pollution. It is 
therefore advisable that some plan should 
be adopted in order to obviate the diffi- 
culties which beset the authorities of 
towns on the one hand, and riparian 
owners on the other. To a great extent, 
if not entirely, the difficulties attending 
the admittance of rainfall into sewers 
has been overcome by the author in a 
way shortly to be described. 

It may be very correctly assumed 
that if the whole of the rainfall of a 
district could be passed into a system 
of sewers, in the course of one year it 
would about equal the total volume of 
ordinary sewage produced by an average 





population inhabiting a town district 
which has an abundant water supply. 
Taking a district in which there are fifty 
persons to the acre, with a rainfall of 
twenty-five inches, each person contribut- 
ing five cubic feet of sewage per day, 
the annual rainfall, if it could be all con- 
veyed to the sewers, would about equal 
the total annual volume of the sewage. 
However, we know from experience that 
it is but a very small quantity of the 
whole rainfall in town districts which 
finds its way to the sewers. The smaller 
falls have at certain periods no appre- 
ciable effect on the sewers, the larger 
falls rarely contributing, under the most 
favorable circumstances, more than 
seventy per cent. of their volumes to the 
sewers. If the rain were uniformly dis- 
tributed, there would be little or no 
difficulty in admitting it into the sewers, 
but unfortunately the rain has to be con- 
veyed away as fast as it falls, and pro- 
vision has to be made in the sewers for a 
very much larger quantity than anything 
approaching the daily average proportion 
of the annual rainfall. In the case of 
London, where provision is made for 
carrying only a } inch of rainfall in 
twenty-four hours in the sewers, after al- 
lowing for the fluctuating flow of the 
sewage, the capacity for rainfall in the 
sewers is equal to two-thirds of the total 
capacity of the sewers. These propor- 
tions show the importance of the subject, 
and by no means exaggerate the diffi- 
culties at the outfall. 

The author has recently introduced a 
system of intercepting the rainfall from 
sewers, which obviates many of the diffi- 
culties arising in towns having to con- 
tend with large volumes of rainfall in 
the sewers, and at the same time the 
method adopted tends to preserve, to a 
very considerable extent—even in the 
case of crowded towns—the purity of 
adjacent streams. This plan has been 
put into practical operation in the 
borough of Longton and in the contigu- 
ous district of the East Vale Local 
Board. These combined districts contain 
a population of about 25,000 persons 
occupying an area of about 986 acres. 
The whole district has recently been 
sewered under the author’s directions, 
and arrangements have been made with 
his Grace the Duke of Sutherland, the 
adjoining landed proprietor, by which 
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_the sewage of the town is conveyed to 
his Grace’s property, there to be utilized 
in irrigating land. It was a stipulation, 
however, on the part of the Duke of 
Sutherland, that as far as possible the 
rainfall should be intercepted from the 
sewers. With this view, the author in- 
troduced a number of what are called 


“Rainfall Interceptors,” or an arrange- | 
ment by which large or impure rainfalls | 
are intercepted from the sewers, while | 


the small rainfalls, which in this particu- 
lar district are remarkably ‘impure, pass 
into the sewers. It should be observed 
that in this district a part of the sewage 
passes down the street gutters, owing to 
the fact that many of the houses are 
built back to back, and have no other 
ready means of disposing of the slops, 


except by throwing them into the streets. | 


It is obvious, therefore, if a separate 


system of sewers alone had been con-| 


structed in such a district as this, one 
set for sewage proper, and the other 
for 


age; and in time of small rainfall, the} 


water flowing from the streeets, owing 
to the character of the material used for 


repairs, and the great traffic over them, | 


these 
new 


would further tend to pollute 


streams. Before commencing a 


system of sewerage, it was found, as is| 


generally the case in most towns, tha 
there already existed a number of sewers 
which were, however, of such an im- 


perfect character as to be insufficient for | 
dealing with the sewage proper, but | 
might be improved and retained for sur- | 


face water. All these original sewers 


have been retained, improved, and ex- | 


tended so As to embrace the whole area 


of the district, there being virtually two | 


systems of sewers in the district; the 
new sewers are used for conveying the 


sewage proper, and the old system of | 


sewers has been extended, and is used 


for collecting the rainfall, and, neces- | 


sarily, part of the sewage of the district. 
Up to this point in the arrangement 
there is nothing new. The improve- 
ments and novelty, however, consist in 
making a connection between the rain- 
fall sewers and the sewers proper. At 
suitable points what is termed an “ in- 
terceptor” is introduced, which consists 
of a leaping weir so arranged that when 


rainfall, that the rainfall sewers | 
would necessarily discharge into the ad- | 
joining stream a large part of the sew-| 


there is a small quantity of water flowing 
down the rainfall sewers, and the liquid 
as a natural consequence is very much 
polluted, it passes through an adjustable 
opening into the sewer proper, but in 
time of rainfall it is only the first and 
most impure water which passes by the 
opening into the sewers, for so soon as 
the volume of the rainfall increases, so as 
to increase the depth of water flowing 
in the rainfall sewer, an increase of 
velocity takes place, and this increased 
velocity enables the large and purer rain- 
fall to leap over the opening provided 
into the sewer proper, and so the rainfall 
| passes away to the natural streams of the 
district. The principle is similar to that 
first adopted by Mr. J. F. Bateman, 
C.E., F.R.S., in the Manchester Water- 
works, for the separation of clear and 
other water. This system has now been 
in operation in Longton for some time 
past, and gives the most perfect satis- 
| faction to the authorities of that thriving 
manufacturing town. The total cost of 
the works of sewerage at Longton and 
East Vale, consisting of a new system 
| of sewers for the whole of the district, a 
distinct surface water system, provision 
for manholes, gulleys, ventilation, and 
engineering and _ superintendence of 
works was £35,060. Of this amount 
25500 have been expended upon the sur- 





XVvd 
face water system and the rainfall inter- 
/ceptors. Twenty-two of these “rainfall 
interceptors ” have been constructed in 
the district at an average cost of £31 
each. The opening between the inter- 
ceptor and the sewer is adjustable, or 
may be entirely closed, but when once 
the opening is adjusted the apparatus is 
entirely self-acting. 

It should be mentioned, in reference to 
these “rainfall interceptors,” that in 
cases in which the channel into which 
the rainfall is discharged is liable to be 
flooded, in order to prevent the floods 
| passing back through the openings into 
the sewers, a special arrangement of 
| valves was introduced, so that any rise 
of water in the rainfall outfall would 
|close the openings between the rainfall 
| sewer and the sewer proper. 
| ———-—- ¢ pe 
| Iw the report of the Warden of the 
| Standards the Russian archine was given 
as of 20 in. English. In a later copy of 
the report this is corrected to 28 in. 
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THE MINNEAPOLIS SUSPENSION BRIDGE. 


By THOMAS M. GRIFFITH, Civil Engineer. 
Written for Van NostTRanp’s MaGaZInz. 


Tue first bridge which spanned the 
Mississippi River was a wire suspension, 
of 620 feet, which was opened to the 
public, on the 23rd day of January, 1855, 
with the most imposing ceremony the 
then infant town of St. Anthony and 
the Territory of Minnesota could com- 
mand. 

The new settlement was justly proud 
of its achievement, and as a hastily ex- 
temporised pageant glided at full gallop 
over the snow covered rolling prairie, 
(so soon to teem with the industry of a 
city), amid the jingle of sleigh bells, 
which in their numbers, vied supremacy 
over the discordant clang of a recently 
organized frontier band; and with the 
National colors borne aloft, from hill to 
hill, unfurled to full length in the 
dazzling sunlight by the Northern 


breeze, the generous enthusiasm of the 
occasion, gave vent to praises loud and 
long in honor of the bold projectors of 
the enterprise, and of those who had 


been mainly instrumental in its success. 

The structure was located about an 
eighth of a mile above the falls of the 
Mississippi, and connected the west 
bank of the river with Nicolett Island; 
the crossing from which to the eastern 
bank, was made upon a rude pile bridge, 
which had been in use for some time, in 
connection with a wire rope ferry, for 
which a charter had been granted by an 
Act of the Territorial Legislature, Feb. 
19th, 1851. 

This enterprise was expected to draw 


the trade of the settlers of the west! 


side; and as capital, as well as business, 
was limited, the bridge was proportion- 
ately light indesign. But it was hoped, 
and it really proved itself, to be fully up 
to the requirements of a frontier settle- 
ment, and cost but little more than 
$40,000. 

The floor beams were of white: pine, 
34 inches by 14 inches, placed 3 feet and 
9 inches apart from center to center, 
upon which light stringers were laid to 
support the floor plank. The width be- 
tween the trusses was 17 feet. This 
platform was supported from the cables 





by suspenders, made of eight rounds of 
No. 10 wire formed into a skein; the 
upper end or “bite” of which passed 
over a cast iron yoke, which embraced 
the two cables on either side. The lower 
end or “bite,” with a small casting inter- 
posed, supported either end of the floor 
beams. The four cables contained in all 
2,000 strands of No. 10 hard drawn 
charcoal iron wire, made by Messrs. 
Cooper & Hewitt. These cables were 
formed of skeins of 124 and 126 strands, 
which were “laid up” on the Island, and 
moved and raised to their positions on 
the towers, which were strong frames 
of white pine timber, consisting each of 
16 posts, 12 inches by 12 inches,—so 
arranged, that at each corner of a frus- 
trum of aright pyramid, with a square 
base of 14 feet by 14 feet, there were 
four respectively, but separated each 
from each by a space sufficient for the 
ventilation of the timber, and the passage 
of the tie bolts necessary to hold them 
together, and up to the system of inter- 
bracing. 

These posts were capped with three 
courses of white oak timber, the direction 
of the grain being reversed in each tier, 
and the whole trenailed through and 
through. Castings rested upon these, 
and between them, and similar ones, 
attached to timber saddles, “six 
pounder” cannon balls were interposed. 

The anchorage was obtained by work- 
ing eight holes, eight inches wide and 
three feet long, through the lime stone 
rock which is ten feet in thickness, and 
of nearly horizontal stratification ; and 
underneath which lies the white sand. 

Through these holes the link bars of 
the anchorage chains were thrust and 
secured to cast iron plates of about 
1500 lbs. each, which were taken into 
their positions underneath the ledge, 
through tunnels driven into the easily 
excavated sand. Thus a very secure 
anchorage was obtained, at a compara- 
tively small cost. 

The weight of the whole of the sus- 
pended material, exclusive of the No. 10 
wire of the cables was 91,55; tons. The 
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vertical deflection of the cables was 47 
feet, and the horizontal inward deflection 
or “cradling” was 10 feet. 

It is evident that so light a structure 
was only admissible under those pecu- 
liar circumstances which gave birth to 
the enterprise; and which were soon to 
be subjected to the caprice of those 
fluctuating courses and channels, which 
the sagacity of trade is always seeking 
and endeavoring to establish. 

The farm of the first brave and in- 
domitable settler, on the site of the 
future city, soon became too valuable 
for agricultural purposes. Traders estab- 
lished themselves, in and among his 
graneries. Manufacturers invaded his 
corn and wheat fields, and ere long terms 

annexation were almost dictated to 


Ona 

AL SR 

The old bridge had for several years 
been subjected to a much heavier traffic 
than was contemplated by its projectors; 
still, upon taking it down to give place 
to the new one, the wire of the cables, 
except in places upon which dirt had 
been allowed to accumulate, so as to 
form (literally) hanging gardens, no 
deterioration was apparent upon mere 
inspection. Samples of the wire is now 
in the hands of the manufacturers for 
examination and test. 

The span of the new bridge is 6755 
feet, and the length of the platform is 
670 feet, and it has a camber of four 
feet at mean temperature. The floor 
beams are of white pine timber, 34 inches 


thick by 134 inches in depth, and 36 feet | 


in length, placed together in pairs, but 








the first business center, as if to a 
patronized suburb, and the bridge which 
was to have swelled the coffers of the 
pioneer mercantile adventurers, was the 
means of depleting them. The current 
of trade over the bridge was reversed, 
and with time increased to such an ex- 
tent, that the structure could no longer 
conveniently or safely supply the de- 
mands made upon it, and the city 
determined to erect another upon the 
same site, more suited to the new condi- 
tion of things. This was commenced in 
the spring of 1875, 21 years after ground 
was broken for the foundations of the first 
structure; and it was completed in the 
spring of 1877, a little more than two 
years having been consumed in its erec- 
tion, and at a cost of about $175,000. 


separated each from each by a space of 
one inch, and which from center to cen- 
ter are a little less than five feet apart. 
The beams support stringers and plank- 
ing, upon which street car rails and 


wooden block paving is laid. The 
platform is attached to the two main 
cables, containing each 3648 strands of 
No. 9 iron wire, by suspenders of 24 
strands of the same, and inch round iron 
rods; and to two light cables of 450 
strands each, (which aided materially in 
the process of construction) by wire sus- 
penders of 16 strands, and #2 round iron 
rods—the rods being introduced where 
the lengths are less than 12 feet. At 
mean temperature the vertical deflection 
of the main cable is 58 feet, and the 
horizontal inward deflection or “ crad- 
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ling” is 6%; feet. The light cables 
deflect vertically 58.33 feet, and hori- 
zontally and inwardly .%; feet, or the 
statical resultant of the tangents to the 
curves at the points of suspension, 
make with lines parallel to the directrices 
of the curves, a vertical angle of 18° 
58’ 48’, and a horizontal angle of 1° 45’ 
32", and a coefficient of tension of 
3,0784. 

The wire weighing 17.95 feet to the 
pound, with an average ultimate tension 
of 1507 lbs., the supporting capacity of 
each (half) strand is equal to 





[1507 — 4/377.557 + 4X (68.04 + 462) * 
3.0784 X 3]+17.95=1384 lbs. 


The platform, and all of the suspended 
material, exclusive of the No. 9 wire of 
the cables, and the floor stays weigh 
659508 pounds, and the surface of the 
platform, available for a moving load, is 
17390 superficial feet. If therefore x= 
the number of pounds which may with 
safety be permitted as a moving load 
upon the platform, per square foot of 
surface, 


659580 


9 


17390 
se ya X@X 3.0784 5+ 


3.0784 x 3=7296=the number of strands 
of No. 9 wire in the cable, and 2=52.9 
Ibs. 

The cables rest upon\cast iron saddles 
which have a movement, by means of 
rollers, upon plates bedded upon the 
masonry of the towers, ‘which from the 
foundations to the top\finish are 111 
feet in height, and at the height of 
roadway they are 13’ 3X13’ 6’".. The 
pair on either bank are 35 feet apart, 
from center to center, and from the 
opposite banks of the river, 675.1 from 
center to center. The clear width of 
the space between the towers on either 
side is 20 feet, the same as that of the 
distanee between the main trusses. 
(Pedestrians pass around the towers in 
order to reach or leave the pathways of 
the platform.) They are built of lime- 
stone quarried in the immediate vicinity, 
and are coped and trimmed with a 
superior quality of granite, obtained 
from quarries some 90 miles further up 
the river. 





The anchorage is similar to that of the 
old bridge. Holes 12 inches by 48 inches 
were slotted through the limestone, and 
the cast iron anchor plates, each weigh- 
ing some five tons, were moved into their 
positions through tunnels driven into the 
sand from shafts sunk midway between 
the anchorages. The link bars were 
passed through the holes, and the pins 
securing them to the castings put in 
place, and their allignment and adjust-. 
ment insured by means of an instrument 
devised for the purpose. A mass of ma- 
sonry is built upon the top of the rock 
in which the anchorage chain of link bars 
rests and are deflected to their proper 
positions, The masonry serves also as 
retaining walls, and the upper portion 
being casemated, affords a convenient 
office for the bridge police, and for the 
storage of tools, &c. All of the iron of 
the anchorage, both cast and wrought, 
as well as the wire ends of the cables, 
were enclosed in concrete (or what pur- 
ported to be that material, and by great 
courtesy might be considered to be such) 
in the same manner as that of the Niag- 
ara Railroad Suspension Bridge. Late 
investigations into the condition of which, 
by competent and careful engineers, has 
given rise to the suspicion that that 
treatment of the cable end, even when 
done in the best possible manner (and 
not by contract) is not well adapted for 
the purpose of protecting them from 
rust. There is reason therefore to ap- 
prehend that in cases where homeopathic 
doses of cement are mixed with allo- 
pathic potions of water and sand, and 
the mixture poured into the tortuous 
interstices of a pile of stones, that simi- 
lar investigations would be in order at 
no distant day. All persons whom this 
may concern are respectfully advised by 
the engineer to examine into the pro- 
ceedings of the City Council in relation 
to matters pertinent thereto. 

The arrangement for stiffening the 
platform and reducing its vibratory mo- 
tions are: First, four trusses of the 
Howe type, two of them seven feet in 
depth, and located outside of the car- 
riage way and street car tracks, and two 
of them six feet in depth located outside 
of the foot paths. 

Secondly, four floor stays on each 
quarter which, being attached to an inde- 
pendent saddle on the tower, are held by 
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a single stay of strength equal to the re- 
sultant of the four, which is also at- 
tached to the saddle, and carries the 
strain down to the anchorage. At the 
point of attachment of each of the floor 
stays with the platform a spruce timber 
spar is so placed as to thrust upward, in 
a direction normal to the curve of the 
cable, and light cross cables attached to 
the main cables on either side and ad- 
jacent to the contract of the spars with 
them, and drawing them toward each 
other a little more than is due to the 
static effect of the weight of the plat- 
form. 

The ends of the lower chord of the 
main truss is enlarged by the addition of 
timber, and shod with a cast iron plate, 
between which and another having a 
bearing against the masonry of the tower, 
a sheet of rubber is placed, which ar- 
rangement, while it holds the quarter 
firmly as rolling loads, or the force of 
winds act alternately upon the four 
stays, admits however of a motion, 
meeting with an increasing resistance 
through a short space. 

And thirdly, fastening the middle por- 
tion of the cable, for a distance of 70 
feet, to the platform, by means of cast 
iron “cradled” bearing blocks and clip 
bolts. 

These combinations appear to give sat- 
isfactory results. The platform is, the 
weight of suspended material, the span 
and deflection considered, very free from 
the usual vibratory motions of this 





kind of structure. And any additional 
strain which they involve, is more than 
compensated for by the sixteen floor 
stays, which have not entered into 
the estimate of the strength of the 
bridge. 

In case the bridge should be subjected 
to such storms as have proved destruct- 
ive to suspension bridges, these timber 
spars will probably prevent the rupture 
of the suspending rods at those points 
where they are the first to be subjected 
to those shocks and jerks, which are 
caused by the want of uniformity of the 
vertical motions of the cable and plat- 
form, which takes place when a certain 
degree of violence has been attained. 


Twenty of these storm spars were in- 
troduced into the old bridge which, 
probably on account of this improve- 
ment, withstood some violent storms 
which might have otherwise been disas- 
trous, and the guy lines to it having but 
little downward pull, were attached to 
the cables at the point of connection 
of the spars as well as to the platform, 
which insured a vertical motion of 
both. 


In design the new structure is nearly 
what the engineer intended it to be. In 
workmanship also it is as nearly so as 
a demoralizing conflict with some of 
the vile annual distilments of ward poli- 
tics could permit us to reasonably hope 
for, although not up to the standard de- 
sirable in such works. 


THE SUBJUGATION OF THE GASES. 


From “Iron.” 


Tue autonomy of the once permanent | 
gases is over. Oxygen had already fall-| 


en before the gas-compelling M. Pictet, 
of Geneva, and the equally gas-compel- 
ling M. Cailletet, of Chatillon-sur-Seine. 
The latter, however, has established him- 


self as a very prince of the power of | 
|re-echo in our pages. 


the air, by his conquest of nitrogen, 
hydrogen, and the mixture of oxygen 


and nitrogen inspired by our lungs. reign of law magnificently. 


Liquefy. Should our readers ever be 
tempted to think of the phrase “airy 
Frenchman,” we hope they will couple 


| with it the remembrance of the remark- 


able form just given to the airy nothings 


of oxygen, nitrogen and hydrogen by 


the brilliant physicists whose names 


This splendid conquest enlarges the 
How it was 


These stubborn gases have yielded at/| effected our readers will be prepared to 


length to cold, pressure, 


Cailletet’s mandate of Condense and!'the coercion of oxygen. 


and M./learn from our last week’s account of 


We gave the 
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first place in that account to M. Pictet ; 
in the following we give it to his rival, 
whose words we quote : 

““T have been following up my experi- 
ments on the liquefication of gases, and 
I am happy to announne to the Acad- 
emy that I have succeeded in liquefying 
nitrogen and atmospheric air. Hydro- 
gen itself furnishes some indications of 
liquefaction, as I shall presently show, 
meanwhile I give a few details concern- 
ing rs experiments : 

“* Nitrogen—Pure and dry nitrogen, 
compressed at about 200 atmospheres at 
+30°, and then suddenly expanded, is 
completely condensed. First of all ap- 

ears a substance looking like a pulver- 
ised liquid, in little drops of appreciable 
volume ; then this liquid disappears lit- 
tle by little, from the walls towards the 
the centre of the tube, forming at last a 
sort of vertical column, the axis of which 
follows the axis of the tube itself. The 
total duration of the phenomenon is 
about three seconds. These appearances 
leave no doubt whatever as to the true 
character of the phenomenon. I first 
made the experiment at home, at a tem- 
perature of —29°, and repeated it a 


large number of times in the course of 
yesterday, December 30th, in the labor- 
atory of the Ecole Normale, in the pres- 
ence of many scientific men, among 


whom were several members of the 
Academy. The venerated M. Boussin- 
gault, whose name I am permitted to 
mention, was one of the latter. 

“ Hydrogen.—This gas has always 
been looked upon as the most refractory 
of gases, on account of its low density 


hydrogen liquefaction in conditions of 
evidence which did not appear doubtful 
to any of the men of science who saw 
the experiments. The latter was re- 
peated a large number of times. When 
operating with pure hydrogen, com- 
pressed at about 280 atmospheres, and 
then suddenly expanded, we saw formed 
an excessively fine and delicate mist, 
suspended the whole length of the gas, 
and suddenly disappearing. In spite of 
‘its extreme attenuation, the production 
|of the mist itself was considered to be 
| beyond doubt by the scientific observers 
who watched my experiments to-day. 
And they had it repeated several times 
in order to leave no doubt as to its real- 
| ity uncleared. 

|  Air—The liquefaction of air is de 
| facto demonstrated by that of nitrogen 
and oxygen. Still, it was very natural 
to make the liquefaction of air the sub- 
ject of a direct experiment. As might 
have been —— this was completely 
successful. I need hardly say that the 
air had been dried beforehand, and freed 
from carbonic acid. Thus has been con- 
firmed the exactitude of the reasoning 
|of the father of modern chemistry, La- 
'voisier, as to the possibility of reducing 
air to a liquid form, producing thereby 
matters possessed of new and unknown 
properties. 

| “In closing this letter to the Academy, 
|let me express my thanks to M. Berthe- 
lot, and my beloved master, M. H. 
'Sainte-Claire Deville, for their hearty 
|Sympathy and the hospitality with which 
I have always been received at the labor- 
latory of the Ecole Normale.” 

This communication of M. Cailletet’s 











and the almost complete conformity of | 
its mechanical properties to those of per-| was read at the usual Monday meeting 
fect gases. It was therefore with very | of the Academy on the 31st ult., before 
little confidence as to results that I de-|an audience which felt, if we may bor- 
cided on subjecting it to the treatment|row Milton’s splendid phrase, as if 
which determined liquefaction in all|another morn had risen on mid-day. 
other gases. In my first attempts I/ Following on the communication from 
failed to perceive anything noticeable ;'M. Cailletet, was read the following 
but, as is frequently the case in experi- |‘ Vidi” from M. Berthelot. 

mental science, a long habit of observing ‘“M. Berthelot begs to say that he 
phenomena gives, by and by, the ability | witnessed the experiments conducted by 
to recognize their signs under conditions M. Cailletet, yesterday and to-day, on 
which at first obscured them. So it was nitrogen and hydrogen. The liquefac- 
with hydrogen. Repeating my experi-| tion of nitrogen seems to leave no room 
ments this very day, before MM. Berthe-' for uncertainty after the succession of 
lot, H. Sainte-Claire Deville and Mas-|the phenomena which have been de- 
cart—whose witness I am allowed to ap- | scribed. 

peal to—I succeeded in observing signsof| ‘The observations made on hydrogen 
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yielded signs of liquefaction which, to 
his eyes, were not doubtful. They were, 
however, less complete and more difficult 
to appreciate than in the case of nitro- 
gen. From their appearance, and the 
brevity of their duration, they may be 
compared with the attenuated liquid 
dust produced towards the end of the 
phenomena recognized with nitrogen, at 
the moment when the cloud is vanishing. 
The extreme tenuity of the liquefied par- 
ticles constituting this hydrogen mist— 


|ed at this figure for more than half an 
hour, indicatiug thereby the passage of 
a part of the gas in the liquid state, un- 
der the influence of 140 degrees of cold 
to which it was subjected. The tap 
closing the orifice of the tube was then 
opened, and a jet of oxygen escaped with 
‘extraordinary violence. A ray of electric 
light was thrown upon the conical out- 
‘flow, and showed that the jet was princi- 
pally composed of two distinct parts—a 
‘central part a few centimetres long, the 


a sort of diffused luminosity—as well as| white color of which indicated the pres- 
their more rapid return to the gaseous | ence of liquid, or, perhaps, solid elements; 
condition, accorded entirely with the/the other an exterior part, the blue tinge 
comparative properties of hydrogen and of which indicated the return of the com- 
the other gases. | pressed and frozen oxygen to the gaseous 
“That which characterizes M. Caille-| condition.” 
tet’s experiments, and gives: them the| Allusion has been made above to the 
certitude which belongs to them, is the | accuracy of Lavoisier’s previsions as to 
fact that, in one and the same transpar-|the non-permanence of the gases. The 
ent and limited space, they permit the | session of the Academy on the 24th ult. 
comparison of the gas in the three suc-| was thought fully prepared by M. Dumas 
cessive conditions of a compressed elastic | for the reception of the intelligence by 
fluid, a pulverized liquid, and a fluid in| which it was then startled. Before read- 
great part expanded. We must also! ing the communications which we laid in 
take into account, in estimating the value | full before our readers last week, he read 
of M. Cailletet’s experiments, the facility | out a passage from Lavoisier’s work, in 
with which each can at once be repeated | which the following sentences occur :— 
as often as may be ‘desired, so that each | “ Were the earth suddenly transported to 
phase of the phenomenon can be repro- | the cold regions, say of Jupiter and Sat- 
duced for separate study. jurn, the water which now forms our 
“More, in such a matter, cannot be | rivers and seas, and probably the greater 
demonstrated ; at least, not until some | number of liquids we are acquainted with, 
scientific man, profiting by the recent | would be transformed into solid moun- 
discoveries, succeeds in isolating in the|tains. . . . . . . The air, or, at 
static condition of stable liquids, capable | least, a part of the aeriform substances 
of being kept permanently under observ-| which compose it, would, beyond doubt, 
ation, the gases which have been lique- | cease to exist in the state of an invisible 
fied for the first time by M. Cailletet in | fluid, and this change would produce new 
a dynamic state, if I may be allowed the | liquids of which we have no idea.” 
expression—that is, in the state of liquids| M. Berthelot has already found in a 
which, momentarily formed under the | circumstance attending M. Pictet’s expe- 
observer’s eye, at once evaporate and es-|riment, support for opinions of his own 
cape observation.” |in mechanical chemistry, the acceptance 
While M. Cailletet has been bringing | of which has hitherto been found difficult 
hydrogen and nitrogen into unwilling | for want of direct proof. He draws at- 
bondage, M. Pictet has been completing | tention to the fact that the decomposi- 
his triumph over oxygen. The Journal) tion of the potash chlorate into oxygen 
de Genéve of the 29th ult. gives us the|and potassium chloride, an exothermic 
following details of his fourth experi- | reaction, not limited by its inverse, is not 
ment :— put a stop to by a pressure of 320 atmos- 
“ On the evening of the 27th, M. Raoul | pheres. It is probable that the rapidity 


Pictet repeated for the fourth time his 
experiment of the liquefaction of oxygen. 
At 10 o’clock exactly the pressure gauge, 
which had gone up to 560 atmospheres, 
fell in a few minutes to 505, and remain- 


of the reaction is altered, as well as per- 
haps the temperature at which it is 
effected ; but the reaction itself does not 
fail to take place. 

In the present and in our two preced- 
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ing issues, our readers have had laid be- 
fore them the fullest details of the 
achievement, the glory of which we may 
fairly envy our neighbors across’ the 
Channel. There now remains only to 
reproduce the discussion at the Academy 
on the 24th as to the priority in success 
of M. Pictet and M. Cailletet. Our 
readers will be aware that both these 
gentlemen are engaged in industrial pur- 
suits, the former being well known as a 
maker of refrigerating apparatus, and the 
latter as the owner of large ironworks. 
The great truth which has been revealed 
to both did not, however, find them quite 
babes and sucklings in science, M. Pictet’s 
researches in cold having already won 
considerable notice, M. Cailletet being 
already an authority on the cognate sub- 
ject of heat. The official report of the 
discussion proceeds to say :-— 

M. H. Sainte-Claire Deville-—M. Cail- 
letet repeated his experiments on the 
condensation of oxygen in the laboratory 
of the Ecole Normale on Sunday, De- 
cember 16th ; their success was complete. 
If the account of them (dated December 
2d) was not published till to-day (the 
24th December), the reason was that M. 
Cailletet was a candidate for the place of 
correspondent given him by the Academy 
in its sitting on December 17th ; that he 
did not care to put in on the 10th, when 
his testimonials were being examined, 
scientific work, the results of which had 
not been confirmed by experiment con- 
ducted in the presence of competent wit- 
nesses. And on the 17th, the day of his 
election, he did not think it fitting to 
publish a fact, important, it is true, but 
undiscussed in the secret committee of 
the 10th. Fortunately, however, I had 
taken the precaution, on the 30th, of 
sealing and having signed by our perpet- 
ual secretary the letter containing both 
the news of his discovery, and the confi- 
dential expression of the honorable senti- 
ment by which he was then guided. The 
priority therefore belongs to him unques- 
tionably. But I ought to say that M. 
Raoul Pictet’s remarkable operations are 
not in the slightest degree discredited 
thereby. His modus orerandi is alto- 
gether different from that of M. Cailettet. 
The freezing process founded on the ex- 
pansion of a gas or a vapor, a principle 
which had not hitherto been applied, and 
M. Cailletet’s simple apparatus, indicate 





instructive experimentation in future re- 
searches. It is ten years since, to my 
own knowledge, that M. Cailletet began 
to lay the foundations of his present ex- 
periments. Being desirous of obtaining, 
under all circumstances, precise and rig- 
orously-measured results, he prepared, at 
the cost of long labor, the free air-pres- 
sure gauges, the description of which 
has been published in our Comptes rendus, 
and has carefully studied the thermome- 
tric apparatus due to M. Regnault and 
M. Berthelot. It is therefore with a well- 
founded repugnance that he now speaks 
of pressures determined by metallic man- 
ometers, and temperatures given by 
alcohol thermometers. But for his 
anxiety as to the strict accuracy with 
which he wished the results of his ex- 
periments to appear, he would long since 
have brought to proof the important 
facts observed and published by him with 
regard to gases, particularly the binoxide 
of nitrogen, carbonic oxide and oxygen. 

M. Jamin regarded the possibility of 
liquefying or solidifying oxygen as now 
demonstrated. One experiment is as 
good as the other. M. Pictet’s adds lit- 
tle to M. Cailletet’s, since (although the 
former gentleman was the first to state 
that he had seen oxygen precipitating 
itself in a liquid form) the mist perceived 
by-M. Cailletet at the moment of expan- 
sion shows that the oxygen had ceased 
to be transparent, 7.e., gaseous, and that 
it had become a solid or a liquid. To 
have seen the liquid or the mist without 
having been able to collect either, is one 
and the same thing. The final experi- 
ment is yet to be made; it will consist 
in keeping oxygen liquid at the tempera- 
ture at which it boils, as is done with 
the protoxide of nitrogen, or in the solid 
state, like carbonic acid, being preserved 
in this condition by reason of the enor- 
mous latent heat required for gasification. 
Everything gives ground for hoping that 
the two able experimenters will, each 
from his own side, approach each other 
and meet in this final result. 

M. Dumas, after what had been said, 
considered that the independence of the 
researches of the two gentlemen in ques- 
tion had been fully established. Pursu- 
ing the same object, creating methods 
and appliances which cannot be impro- 
vised, each had arrived by his own road 
at the same result, neither having any 
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knowledge of his rival’s labors. The 
fact is frequent in the history of the 
sciences. 

M. Regnault informed the Academy 
that he was present, five years since, at 
the first preliminary experiments made at 
Geneva by M. R. Pictet and M. De la 
Rive, with a view to obtain the liquefac- 
tion of gases. He had been struck by 
the remarkable ingenuity of the appar- 
atus. 

M. Berthelot, while admitting the 
originality of M. Pictet’s experiments, 
observes that the experiments conducted 
by M. Cailletet on the liquefaction of 
oxygen are the necessary and foreseen 
result of the researches of the latter gen- 
tleman on the liquefaction of the bi- 
noxide of nitrogen, published in the 
Comptes rendus for November 26th, 
itself a sequel of the liquefaction of 
acetylene (reported on November 5th). 
His experiment on the liquefaction of 
oxygen during expansion was made on 
December 16th at the laboratory of the 
Ecole Normale, before several members 
of the Institute and other scientific gen- 
tlemen, under the amplest conditions of 
publicity, just a week ago. We cannot, 
pursued M. Berthelot, refuse to acknowl- 


edge the importance of the logical order 
of the series of experiments above de- 
tailed, which have been spread over a 





period of a couple of months, and have 
recalled the attention of our learned 
men to a problem which remained in sus- 
pense many years on account of practi- 
cal difficulties apparently insurmountable, 
After being the first to show, in an un- 
expected manner, how probable the solu- 
tion of this problem was becoming in the 
hands of experimenters provided with 
sufficient means for carrying out their 
experiments, M. Cailletet has been his 
own first follower, by reducing the 
greater number of the gases hitherto 
deemed incoercible, namely, the binoxide 
of nitrogen, marsh gas, carbonic oxide, 
and oxygen. 

What may follow on the occupation 
of this new ground, we are not pro- 
phetic enough to be able to say. We 
may repeat with M. Jamin that the co- 
erced gases, though subjugated, are still 
to be regarded as more or less prisoners 
at large, until they have been incarcer- 
ated within walls of frost, and held in 
the permanent bondage of stable solid- 
ity. But we may point out that not 
only have M. Berthelot’s theories re- 
ceived an unexpected support, but that 
our old friend the “absolute zero” has 
been cut loose from his moorings at 
—273°, and is drifting out probably into 
the interstellar spaces. Where will he 
settle ? 





A NEW FORM OF PITOT’S TUBE FOR GAUGING STREAMS. 


By S. W. ROBINSON, Professor of Mechanical Engineering in the Illinois Industrial University. 


Written for Van NosTRaNnp’s MAGAZINE. 


PREVIOUS FORM. 


The most elaborated and ‘convenient 
form of Pitot’s tube for measuring the 
velocity of running water, which has 
come under the notice of the writer in 
any published work, is that devised by 
M. Darcy, a French hydraulician of 
much note, who has enriched hydraulic 
science with material of great value. 

The instrument, as thus improved by 
Darcy, is illustrated and described at 
length in Morin’s Hydraulique, p. 133. 

As described by Morin, the instru- 
ment, altogether, is about six feet in 
length. About two thirds of the total 
length is occupied by two parallel glass 





tubes and a scale. These are for the 
purpose of reading the heights of the 
water columns. The tubes are extended 
to the lower end of the instrument by 
small pipes, which then turn and run at 
right angles to a distance of a few 
inches. ‘The extreme ends are attached 
to each other just as shown in Fig. 3, to 
be afterwards explained. The upper 
ends of the glass tubes communicate 
with each other by a fitting which has a 
branch outlet and a stop cock, so ar- 
ranged that the air may be more or less 
exhausted from the tubes. Near the 
bottom of the glass tubes is a second 
cock by which both tubes may be 
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stopped or opened at pleasure. These 
parts form a single portable device. 

To use the instrument in measuring a 
velocity, the lower end is immersed, 
headed up stream, the water drawn up 
in the tubes to aconvenient point on the 
scale*, and the reading taken of the 
difference of height of water columns, 
For streams of greater depth than the 
length of instrument, the latter is at- 
tached to a rod, and sunk to any desired 
point. When it is supposed that the 
columns are ready for reading, the cock 
at the bottom of the glass tubes is closed 
by means of a cord extending to the 
surface, by which the columns become 
fixed. Then the instrument may be 
raised and the reading taken. 

This instrument has been thus briefly 
described in order that the peculiarities 
of the new form may be more clearly 
perceived. 


FEATURES DESIRED IN A PITOT’S TUBE. 


Any one who may attempt to measure 
the velocity of a stream by means of a 
Pitot’s tube, will experience an annoy- 
ance from the oscillating of the columns. 
This may, however, be much reduced by 


making the passage in the tubes small at 
some point, though appreciable oscilla- 


tions still remain. To blindly fix the 
columns while in such a state of oscilla- 
tion, without any means of . knowing 
where they were in the range of dis- 
turbance must prove very unsatisfactory ; 
as much so as a reading, caught “on the 
jump,” by a mere glance at the scale if 
under the eye of the observer. Never- 
theless, such a reading is the exact 
equivalent of one taken with the instru- 
ment submerged, as contemplated in the 
use of Darcy’s form of it, for streams 
deeper than six feet. A device by which 
the scale may always be read, deliberate- 
ly, at the surface, the instrument being 
still in action, will evidently be an im- 
provement as regards the confidence 
which can be placed in the result of a 
certain number of observations. 

Again when the cock must be closed, 
the instrument raised, the reading taken, 
the instrument lowered and the cock 
opened for each observation, it is evident 
that the possible number of readings 
which can be taken in a day will fall 





* An indefinite namber of readings may be taken after 
once filling the tubes. 





very far short of that which could be 
obtained from the scale if placed con- 
stantly in a convenient fixed position at 
the surface. For instance, one reading 
in from three to five minutes might be 
regarded as reasonably rapid wlth the 
Darcy instrument, while under the other 
condition, they could be taken as often 
as once in 8 or 10 seconds, or say 20 
times as fast. The importance of this 
hastening in the rate of progress is at 
once apparent from the fact that it is 
generally desired to know the quantity 
flowing in a stream at a given hour or 
day, and not at a certain week or month 
during which period the rise or fall may 
render the result entirely unsatisfactory, 
if not useless. 
MAIN FEATURES OF THE NEW FORM. 
The modification of Pitot’s tube, forming 
the subject of this article, contemplates se- 
curing all the advantages hinted at above. 
To produce this modification, it is only 
necessary to separate the Darcy instru- 
ment at the bottom of the scale and 
glass tubes, connect the two parts by 
small rubber hose of any desired length, 
so that the scale may remain stationary 
in a boat while the other portion which 
carries the tips of the tubes may be 
placed, at the pleasure of the operator, 
at any point between the surface and 
bottom of stream. In one sense the in- 
strument is still the same, it being only 
lengthened, the length in the Darcy form 
being an arbitrary matter. Indeed, the 
change is so simple, and results in an im- 
provement so important as regards con- 
venience of application, rapidity of work 
and precision in results, that it seems 
due from those who may have used the 
instrument, that they should have de- 
vised, adopted and described this modi- 
fication previously. If this has been 
done, the limited facilities of the writer 
for searching out such fact, must be 
offered as the apology for the present 
article. 
ACTUAL TRIAL OF THE NEW FORM. 


This new form has already been put 
to practical test in gauging the Sanga- 
mon, a small river in Illinois, by Mr. 
William Buckingham who made it the 
subject matter of his graduating thesis, 
class of 77, School of Mechanical Engi- 
neering of this University. The con- 
struction of the instrument used in this 
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instance was somewhat rude, though it 
served its purpose admirably. The ex- 
tremities of the tubes placed in the 
stream for the current to act upon, and 
serving as the lower portion of the in- 
strument, were of glass, about ten inches 
long, and drawn down to an opening of 
about 5 of an inch at the up stream 
ends. ‘hese were attached to a slide 
which held them horizontal and parallel; 
one being straight for the entire length, 
while the other was turned at right an- 
gles about half an inch from the tip end. 
The slide was fitted to play on a square 
rod, the latter in use being set vertical; 
and so oriented that the tubes headed up 
stream. Then the straight tube received 
the current at its open end by direct im- 
pact, while the bent one was indifferent 
to the current, the lip being at right an- 
gles. These tubes were of glass simply 
because convenient. Rubber hose, some 
less than 4 inch inside diameter, joined 
these tubes with the two others forming 
the manometer, was carried above water. 
The scale of the manometer was divided 
to millimeters. 


Fig. |. 





On starting out with the instrument, 
the tubes were all filled to a height con- 
venient for reading, air filling the space 
above the water in the manometer tubes. 
By this instrument velocities as small as 
four inches per section were measured. 

A few extracts are given from Mr. 
Buckingham’s thesis for the purpose of 
exemplifying the use of the instrument. 
The river was eighty-five feet wide, and 
about two feet deep at the point where 
the gauging was made, a depth in which 
the meter would be almost useless. 

The readings of the instrument at a 
point thirty feet from shore were at the 
depth— 
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These are laid off on the diagram, Fig. 


1, in the double circles. The diagram 
contains all the velocity measurements 
taken for the gauging. The curve 
shown was struck in by eye, and is ap- 
proximately the mean vertical curve of 
velocities for the river at the point 
gauged. The velocities at the different 
verticals, in order to combine in one dia- 
gram, were reduced to a depth of thirty 
inches, and a mean velocity of about 0.3 
meters. 

The discrepancies shown are owing 

Vou. XVIIL.—No. 3—17 





mostly to the relative velocities at dif- 
ferent depths being dissimilar. For in- 
stance, the points inclosed in the double 
circles were taken at one vertical, thirty 
feet from shore. The best curve for 
these, taken separately, would be less in- 
clined, or sloping. Again, another ver- 
tival gave the three velocities most in 
excess above the mid-depth, and the two 
most in deficiency below, the best curve 
for which, taken separately, would be 
more sloping than the one on the dia- 
gram. Owing to this disparity in the 
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law of variation of velocity with depth, 
the curves for the individual verticals 
show to better advantage than the mean 
one. A curve imagined to be drawn 
through the double circle dots will give 
a good idea of the agreement of veloci- 
ties with curve at the individual verti- 
cals, and also of how the instrument, 
rude as it was, did its work. Consider- 
ing this, together with the shallowness 
of stream, and its low velocity the re- 





In Fig. 2, A is the tip or mouthpiece 


to the tubes. This tip is formed of two 
tubes united in front and forked toward 
the rear, with the two branches termi- 
nated in a shape suitable for convenient- 
ly receiving the minute rubber hose 
which communicate with the surface. 
This is mounted upon a piece B, iron or 
other heavy material, which serves as a 
sinker, and also as a holder for the vane 








sults will probably compare favorably 
with any made by other means. 

FINAL DETAILS OF THE NEW FORM. 

A much better form of the instrument 
for use in gauging rivers of considerable 
depth is presented in the following fig- 
ures: Fig. 2, is a representation of the 
sub-surface portion; Fig. 3, of the tip of 
the tubes; Fig. 4, the manometer; and 
Fig. 5 the mode of using the instrument 
in practice. 





C for heading the instrument up-stream. 
B is suspended by means of a cord or 
wire, E extending from the surface. A 
hole through B receives the cord or wire 
D, which latter holds the instrument 
against the current. A should be de- 
tachable from B for two reasons : first, 
because the delicacy of the point requires 
it to be especially cared for; and second, 
for convenience of manipulation. 
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The tip, Fig. 3, is made in the same 
manner as in the Darcy instrument. One 
tube, A, is terminated by a small beak, 
B, headed directly up-stream in use. 
This should be cylindrical for such a 
distance from L that the increase of 
thickness will be beyond influencing the 
current to such an extent as to have any 
effect at L. The end at L should be 
reamed out to a somewhat slender cone, 
till it meets the exterior cylindrical sur- 





face in asharp edge. The vertex of the 
cone may be extended to the tube A, by 
& passage quite small. The effect of a 
very small passage is to reduce the oscil- 
lations of the columns of water above, 
when read. The diameter of it need not 
be over one or two hundredths of an 
inch. The diameter of the outside of L 
may be from 7 to 4 of an inch; though 
there may be no serious objection to a 
larger size. It appears from the descrip- 


‘ 
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tion to have been somewhat less than 
in the Darcy instrument. The height 
of the column being dependent alone 
upon the intensity of the pressure of 
current, it will be the same whatever the 
diameter of L. ‘The delicacy of the 
sharp edge at the extreme end L makes 
it advisable to form it of tempered steel. 

The second tube D joins the first at C, 
and is to be brazed or soldered, and 
finished smooth to prevent obstructing 
the current. A should be previously 
compressed, or filed off at the junction, 
so as to make room for two lateral 
holes at C, diametrically opposite, one 
above and one below, and communicating 
only with the interior of D. These 
holes should be minute, and the opposite 
sides parallel where pierced. This ar- 
rangement eliminates, in the best man- 
ner, any action of the current at C to 
modify the height of the column, even 
should the current have considerable ob- 
liquity. 

The smallness of the openings at B 
and C may at first be objected to on the 
ground of a supposed liability to be- 
come clogged in use. The Darcy tube 
appears to have been a very successful 
instrument : and in the gauging of the 
Sangamon, above noticed, the glass out- 
lets of about =; of an inch diameter did 
not experience the slightest obstruction. 
This appears reasonable when we con- 
sider that there is no general rush 
through these openings, and that the 
slight currents which do take place are 
in opposite directions as the columns os- 
cillate, so that any particle which may 
be retained at one moment will be re- 
jected at the next. . 

The manometer or part of instrument 
by which the pressures of current are 
measured is very simple. A good form 
of it is shown in Fig. 4. Assuming the 
highest velocity ever encountered at 10 
Ibs. per sec.; 20 inches would be a suffi- 
cient length for the two glass tubes. 
The lower ends of these tubes should be 
set in sockets with proper nipples for 
connection, individually, with the rubber 
hose from below. For convenience in 
reading off the difference of level of the 
two columns in practice, it may be 
advisable to introduce a valve or cock at 
the lower end of the manometer as shown, 
by which the two columns may simul- 
taneously be cut and fixed. This is all 


the more necessary from the fact that 
the difference of column heights requires 
two readings, one for each tube. This 


arrangement is the same as that in the 
Darcy instrument for fixing the columns; 
necessary in that; provisional in this. 











When used in this, the column heights 
may be averaged by sight, thus securing 
the advantage of accessibility of mano- 
meter pointed out above. The upper 
ends of the glass tubes should be secured 
in sockets having a common outlet, pro- 
vided with a stop cock as shown. The 
latter enables the air to be exhausted by 
the mouth, and the columns brought to 
the desired positions on the scale; a little 
air being left in the top of the tubes and 
secured by the cock. Some clamp or 
other device should be provided for 
securing the manometer in a convenient 
vertical position on a standard in the 





boat. 
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PRACTICE WITH THE INSTRUMENT. 

In Fig. 5 the instrument is repre- 
sented in use. The boat is anchored by 
two lines I and K, so as to hold it in a 
definite place. A cord, wire rope, or 
wire, D, is held tense by a sinker s, By 
aid of a second wire, E, the instrument 
is slid to any desired depth. This wire 





could be coiled on a drum, the revolu- 
tions of which measure the depth to A, 
The rubber hose H, a quarter of an inch 
or less in external diameter, plays in the 
current like two strings. A single line 
of double hose would be preferable. An 
observer may read T us often as de- 
sired. 


























Fig. 5. 


’ The vane C gives the instrument the 


direction of the current. A little con- 
sideration, however, shows that the in- 
strument should remain fixed in the di- 
rection of the axis of the stream, and not 
allowed to turn about to accommodate 
every whirl of the current. This is true 
from the fact that it is the down stream 
component only of the velocity which is 
to be measured, as that to which the dis- 
charge of the stream is due. But to 
adopt the convenience of a wire D the 
turning cannot be prevented by it. It 
would therefore be advisable to make 
the vane quite long, so that it may find 
an average direction of current. A 
square pole in place of D would better 





control the direction of A, but this 
would only be applicable in streams of 
say twenty feet depth or less. Never- 
theless a vane is as admissible for this 
instrument as for any other; such, for in- 
stance, as the Woltmann’s Mill, to some 
forms of which we have high authority 
for the application of the same. 

When a guide line D is employed it 
may be advisable to stretch it, by means 
of a spring pole secured at the rear of 
the boat, and reaching forward to the 
desired point of location of D. This 
has been done in the use of a line D for 
carrying a mill.. Such an arrangement 
would be almost indispensable in a 
stream of variable depth. 
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In using this instrument, it may be 

ut in running order by attaching the 
a to the manometer, and the forked 
tube combination A; great care being 
taken to make perfectly tight con- 
nections. The hose should be long 
enough for thg deepest point in the river 
cross section considered. But for less 
depth, shorter hose might of course be 
used, but there can be little if any ob- 
jection to either allowing the slack hose 
to fall back in a loop in the stream, or 
to be taken up and placed in the boat. 
Great hose length will serve the purpose 
of steadying the column of water in the 
manometer. The instrument should then 
be filled with water by submerging A, 
and withdrawing the air by applying the 
mouth of the tube surmounting the 
manometer, Fig. 4. The stop-cock re- 
tains the columns at the desired heights. 
The instrument may at first be filled, and 
a quantity of water drawn from the nip- 
ple, if there be suspicion of the presence 
of air bubbles in either hose or connec. 
tion. A momentary opening of the cock 
returns che columns to the proper level. 
When all is correct the water should 
stand at precisely the same height in the 
two manometric tubes for still water. 
To insure still water a bucket may be 
placed in the stream, filled, and its brim 
brought slightly above the surface while 
A is within it. Submergence of the 
bucket will replace A without danger of 
its taking air, without raising above 
water, it may then be mounted upon B, 
the latter being already in position upon 


If the convenience of a colored fluid in 
the tubes of the manometer be desired, 
let A be submerged in fluid of the de- 
sired color, as the instrument is filled. 


As there is no progressive current 
through the tubes, the colored fluid can 
only disappear by diffusion through it, 
which would require days. As the dif- 
fusion may possibly be unequal in the 
two branches, the precaution should be 
taken to employ a colored fluid of the 
same density as the river water. 


THEORY OF THE INSTRUMENT. 


The theory of this instrument is the 
same as given by Pitot to the French 
Academy of Sciences in 1732. It is 
simply this, viz.: that the difference of 
level of the two columns is the height 


due to the velocity of the current driv- 
ing against the direct opening of the 
tube. Hence 


v=/2gh 


where v is the velocity sought, g the ac- 
celeration of gravity, and A the differ- 
ence of level of the two columns. 


“TARE” OF TIE INSTRUMENT. 


Darcy, in applying his form of the 
tube, proceeded as though the instru- 
ment required a coefficient to change 
these theoretical to the actual velocities. 
After making a great number of observa- 
tions under varying condition, such as 
placing the instrument in running water, 
then towing it in still water, with differ- 
ent velocities for each, he found that the 
mean of all the values, which agreed 
admirably, gave the coefficient 1.0. This, 
on the supposition that Fig. 3 requires 
the same value as Darcy’s, makes the 
above theoretical formula of Pitot the 
proper one for computing the actual 
velocities for the newinstrument. This, 
however, should be tested for each tip, 
Fig. 3. 


MERITS AND DEMERITS COMPARED WITH 
OTHER INSTRUMENTS, 


In comparing the instrument’ which 
forms the subject of this article, with 
others which have been applied toa simi- 
lar purpose, we may draw the following 
points of comparison. Reasons were 
given at some length in a previous article 
in this Magazine* why the Moudlinet, or 
Mill, or Current Meter form of instru- 
ment was given preference by leading 
authorities for measuring the velocity of 
running water. It will therefore be only 
necessary to consider this in the com- 
parison. Of these, we will only compare 
with that one which is acknowledged on 
good authority to be superior to all the 
rest as regards the arrangement of the 
mill and its register. This arrangement 
places the latter in a boat, or on shore, in 
telegraphic communication with the mill, 
while that is placed and run at the dif- 
ferent points of depth sought, as in the 
Henry current meter, or Moulinet. For 
an elaborate illustration and description 
of this, see the Journal of the Frank- 
lin Institute for May 1869, p. 308. 

Both the present form of Pitot’s tube 








* See Vol. XIII, p. 99. 
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and the current meter require nearly the 
same accessories, such as boat, anchors, 
sinker, guide line, sinking line, spring 
pole, etc. As regards the possible fre- 
quency of reliable single readings there 
is probably but little difference. But 
when we reflect that with the new in- 
strument single readings, no matter how 
oft repeated, will each give a good re- 
sult, while the meter requires not only 
two readings for a result, but a consider- 
able intervening time, it is plain that the 
tube will multiply results of velocity 
much the fastest. But this apparent 
advantage is offset, in a measure, by the 
fact that the result by meter will be a 
mean for the time, while several re- 
sults by tube will be required for a 
good mean, which eliminates the fluctua- 
tions of current. 

Perhaps the most important advantage 
in the tube consists in the reliable nature 
of the constant or multiplier for the in- 
strument, or ¢are as it is called by Gen. 
Morin; the factor by which the readings 
are reduced to the velocity. This is 
found to be simply unity, as above ex- 
plained, for the tube, with perfect im- 
munity from change so long as the tips 
of the tubes are kept in good condition; 
which is easily done because the detach- 
able part A, Fig. 3, is so compact. But 
in the meter, the wheel is more liable to 
derangement by being bent, or grit may 
effect its freedom of rotation slightly, so 
that elaborate experiments are necessary 
to determine the tare; equally elaborate 
ones being necessary every time there is 
suspicion of the slightest change in the 
value of the tare from wear or other 
damage to the parts. Indeed this con- 
tinual embarrassment with the tare of 
meters is by many esteemed a very seri- 
ous if not fatal drawback with it. Again, 
every new meter, because perfect dupli- 
cation is impossible, must have its tare 
found with equal care with any other; 
while any tube, new or old, made as 
above directed, will probably be found 
to always have precisely the same tare, 
rendering repeated elaborate observations 
for it unnecessary. Furthermore, the 
tare, or multiplier for the meter, is not a 
constant, so that a table of multipliers is 
required, sufficiently comprehensive to 
extend to every velocity met with in 
practice. This supernumerary nature of 
the multiplier necessitates observations 





for determining, as it were, a great num- 
ber of values of the tare. For instance 
in one telegraphic current meter it ranged 
from about 12.5, for a velocity of .5 
feet per sec., to about 8.5 for a velocity 
of 4.5 feet per sec., all values lying in a 
curve almost elliptical. But in the 
Darcy form of Pitot’s tube, the tip of 
which is very nearly as in Fig. 3 above, 
and upon which only the tare depends, 
the tare is found to differ inappreciably 
for velocities ranging from 2 to 6.5 feet 
per sec.* Hence, considering that the 
tare is not only constant, but unity in 
the best forms of Pitot’s tube, while in 
other instruments it is neither constan 
nor unity; the advantage of the former 
over the latter in this respect is not only 
decided but important. 

In regard to compactness and simplic- 
ity, we observe that all the parts of the 
present form of Pitot’s tube requiring 
delicate manipulation, are represented in 
Figs. 3 and 4, which would require a 
special packing box for rapidity in 
transportation. The parts, however, are 
wholly devoid of machinery and wheel- 
work, and hence more simple than cur- 
rent meters, all of which require clock- 
work registers. The telegraphic meter 
requires also a battery and all its indis- 
pensable accompaniment and care, the 
meter and clock-work being, in this case, 
detached parts and each very delicate 
pieces of mechanism. 

The office work will differ but little in 
the two instruments, the meter observa- 
tions requiring the number of revolutions 
to be divided by the time, which num- 
ber per unit of time will give the velocity 
by aid of a table. The tube requires 
the velocity for each height—read off, 
which is readily looked out from any 
ordinary table of velocities due to 
heights. Any difference of labor there 
may be in these two processes is evi- 
dently in favor of the latter. 

One point of superiority of the tube 
over the meter, especially in shallow 
streams and channels, otherwise narrow, 
such as conduite tunnels, pipes or sec- 
tions of orifices, &c., consists of the 
minuteness of the locality in the current 
at which the observation can be confined 
with the tube, whereas the meter re- 
quires room for the movement of the 





* See Morin’s Hydraulique, p. 140. 
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wheel. In such cases, indeed, the veloc- 
ity may be appreciably different within 
the space occupied by the wheel. 
Finally, in the matter of first cost, the 
tube instrument has much the advantage. 
This is evident from the fact that the 
number of parts is much less, and the 
form of parts more simple. The. parts 
of mechanism are not only more complex 
than devices consisting of fixed parts, 
but require, in addition, very careful 





adjustment in order to secure the neces- 
sary freedom of motion. Again, nicety 


‘|of construction in current meters, is an 


indispensable pre-requisite for precision 
of results, as well as for convenience in 
use, while in the tube instrument the 
rudest arrangement will serve a very 
good purpose, as evinced by the example 
cited above, nice construction having for 
its chief object only the secondary con- 
sideration of convenience in use. 





THE NEW MEASUREMENT OF THE SUN’S DISTANCE. 


By RICHARD A. PROCTOR. 
From “English Mechanic.” 


Two measurements of the sun’s distance 
have recently been announced, as the re- 
sult of observations made during the 
transit of Venus in December, 1874, 
by the British observing parties. One 
has been deduced from the telescopic ob- 
servations, the other from the photo- 
graphic records. I propose briefly to 
consider the significance and value of the 
new results, or rather of the former re. 
sult, for the result of the photographic 
operations may be summed up in a single 
word—* failure.” Every one knows 
that the estimate of the sun’s distance 
which was in vogue a quarter of a cen- 
tury ago (95,365,000 miles) was reduced 
by four million miles in 1854. The older 
estimate had been obtained from observa- 
tions of the transit of Venus in 1761 
and 1769; the new estimate from other 
methods which need not here be describ- 
ed. It was supposed, however, that 
transit observations were likely to re- 
assert their value in 1874, and again in 
1882, when they were to be applied with 
modern refinements. In the meantime, 
fresh measures were made by the other 
methods, and the observations of 1761 
ani 1769 were re-examined. Mr. Stone, 
of Greenwich, made them agree in a very 
satisfactory manner (or rather to a very 
satisfactory degree) with the new esti- 
mate. But Continental and American 
astronomers objected to his way of deal- 
ing with the old observations. The new 
measures alsu contradicted Stone’s re- 
sults. Newcomb, of Washington, who 
has more thoroughly mastered the gen- 





eral subject than any living astronomer, 
deduced from six sets of observations- 
by the best available methods, the dis, 
tance 92,390,000 miles—round which all 
the best results by these methods cluster- 
ed very closely. This was nearly a mil- 
lion miles greater than the reduced esti- 
mate adopted in 1854; but still fell near- 
ly three million miles short of the dis- 
tance taught in all the text books of as- 
tronomy between the years 1810 and 
1850. Leverrier, adopting a method of 
his own—a method, indeed, which none 
but he could have applied with any effect, 
secing that none but he possessed at once 
the requisite mathematical power and 
the requisite gathered knowledge— 
arrived at almost exactly the same re- 
sult. 

Astronomers accepted 92,400,000 
miles, therefore, or some value between 
92,300,000 and 92,500,000 miles, with 
considerable confidence. 

The result of the British operations, 
however, is a distance of 93,375,000 
miles—two million miles less than the 
old estimate, two million miles greater 
than the estimate of 1854 and Stone’s 
much-lauded deduction from last cen- 
tury’s transit, and about one million 
miles greater than the values obtained 
by Newcomb and Leverrier. 

The result would be inadmissible if all 
the details agreed closely among them- 
selves. But fortunately or unfortunate- 
ly (fortunately for science certainly) the 
details do not agree among themselves. 
The sun’s distance can be inferred from 
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the observations of the beginning of 
transit, and also independently from the 
observations of the end of transit. As 
determined from the beginning it comes 
out a million miles greater than as de- 
termined from the end of transit. Ob- 
servations so widely discordant cannot, 
of course, establish a result (their mean) 
which is itself widely discordant from 
the mean of many closely accordant sets 
of observations. R 

The new determination, therefore, 
possesses very little weight; yet we must 
not fall into the error of supposing that 
those who have been engaged in obtain- 
ing it have failed to exercise proper care 
or to display proper energy. I believe 
that, on the contrary, they deserve all 

raise for care and caution on the one 

and, and on the other for zeal and 
energy. This opinion is not based merely 
on the statement of their official superior, 
who, being responsible for their selection, 
might be prejudiced in their favor, but 
on independent considerations. Nor 
must the failure be attributed altogether 
to the selection of an unsatisfactory 
method of observing the transit. I was 
myself very little disposed to view with 


favor the exclusive reliance placed by 
our chief official astronomer on that 
method, commonly called Delisle’s, and 
more meo I expressed my views on the 
point with some distinctness, and empha- 
sized them with some effect, at the 


proper time. But, apart from the fact 
that it would now be of very little use 
to indicate objections, even at that time, 
I should have been very sorry to see the 
method in question neglected; and the 
final arrangements did little more than 
assign to ita just amount of attention 
(albeit it was a little unfortunate that 
amy | the whole use made of it was b 
our British expedition). Undoubtedly 
the method has now been proved to be 
practically valueless. Nothing done by 
it can ever be of use as a correction on 
the results obtained by superior methods. 
Applied in 1874, it gives better results 
than better methods applied with defect- 
ive appliances in 1769, and applied in 
2004 and 2012 it would possibly serve 
to correct the best measures we have 
now. But it will always be inferior to 
other methods applied with equal instru- 
mental means and equal observational 
experience. 





This’ result, though obtained at rather 
a heavy cost, may be regarded as a 
valuatle first fruit of the transit ob- 
servations in 1874. In the meantime, 
many of the British observations made 
at southern observing stations will be 
combined effectively with observations 
made by Russian, American, and German 
astronomers in the Northern hemisphere, 
and we may still find the British work 
effective in the deduction of positive re- 
sults, apart from the important negative 
results I have already indicated. 

The British photographic operations 
have ended, as already mentioned, in 
failure. The resulting estimate of the 
sun’s distance ranges from 100,000,000 
miles to and beyond infinity! Beyond 
infinity must be understood to mean that, 
according to certain photographs, inter- 
preted mathematically, the sun was not 
at such-and-such a distance on the side 
towards which he was seen, but was on 
the other side altogether—one of those 
utterly unimaginable results in which 
mathematical calculations occasionally 
issue. Of course the real meaning is 
that the photographs are altogether value- 
less. 

This is a disappointment, as muck was 
expected from this method. I remember 
well the exemplary gravity with which, 
at a meeting of the Astronomical Society, 
our chief Government astronomer (for 
convenience of reference called Astrono- 
mer Royal for England) described the 
plan for taking several photographs in 
rapid succession. The plan was based, 
he told us, on the principle of the hurdy- 
gurdy. He illustrated this in action with 
considerable success, the general effect 
being strengthened by the circumstance 
that only a few minutes before the per- 
former had read one of the fellows (my- 
self, if I remember rightly) a lesson on 
the impropriety of smiling at aught that 
may be done by official * astronomers. 
But the photographic hurdy-gurdy has 
not proved a success. 

For the present we must remain con- 
tent with Newcomb’s value as probably 
the nearest approach yet made to the 
true distance of our sun. but, for my 
own part, I expect excellent results from 
the expedition by Mr. David Gill to 
Ascension Island last autumn, to ob- 
serve Mars and two of the minor planets, 
for the purpose of obtaining materials 
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whence the sun’s distance maybe de- 
duced. He has obtained the materials, 
and before long we may expect to learn 
his estimate of the sun’s distance. 

One remark in conclusion, as to the 
work of official astronomy in these mat- 
ters. It seems to be supposed by some 
that the chief Government astronomer 
is set over other astronomers; and that 
it is a point of discipline to approve of 
all he does. Of course, this is altogether 
a mistake. So far is it from being true 
that the precise reverse is nearer the 
truth. All Government astronomers are 
under authority, so that an astronomer 
who is not under authority is in that re- 
spect above them. But without insist- 
ing on this obvious point, it must be 
noted that our Government astronomers 
(whose special rule, by the way, bears 
about the same relation to real astronomy 
that land surveying bears to geology) are 
the paid servants of the nation; and the 
results of paid service may rightfully be 
examined by those who pay for it. Now, 
in the present case, if the labors and 
plans of Government astronomers are 
not criticised by independent astrono- 
mers, by whom can they be? The ofli- 
cial chiefs of the admiralty are not ex- 
pected to know anything of astronomy, 





and they do not disappoint expectation 
in this respect. Official astronomers in 
different departments are apt to pat each 
other on the back. Subordinates know 
their duty (I will not say their interests) 
better than to note any defects in the 
plans of their superiors. Unless, then, 
there is criticism by independent astrono- 
mers, there will be none at all. (Too 
often there has been none where criticism 
was very much needed). But service, 
the fruits of which are only to be ap- 
praised by those who are paid for doing 
it, is an anomaly and an absurdity. 

Our salaried astronomers may be as- 
sured, also, that in public estimation the 
approval (even the moderate approval) 
of the independent astronomer weighs 
more than any number of laudatory 
comments by themselves (or their sub- 
ordinates) on their own work. When, 
for instance, I say, as I can truly say, 
that in my belief Sir G. Airy’s official 
work will not suffer by comparison with 
that of the most eminent of his prede- 
cessors in office, every one knows that 
my opinion is unbiassed; but when he 
himself assures us that “nothing can 
compete with” the transit observations 
for which he is responsible, people scarce- 
ly know what to think. 





COMBUSTION OF FUEL IN BOILERS. 


By Cart. HAMILTON GEARY, R.A. 
“ Journal of the Royal United Service Institution.” 


Ir is not my intention to enter into a 
discussion on the general question of the 
combustion of fuel for steam purposes— 
a question I am sure which needs no ex- 
planation on my part—but, I hope to 
bring before you a particular method of 
treatment which I have found experi- 
mentally successful, and which I have 
endeavored to protect by a patent. 

The subject naturally divides itself 
into two parts, first, the /wel, secondly, 
the boiler; each of them, I take it, of 
equal importance. ‘ 

1. The Fuel.—I think it may be laid 
down as an axiom that theoretically the 
most advantageous fuel is that contain- 
ing the largest percentage of carbon. 
But such is our want of ability or prac- 





tical knowledge, that the richest fuel 
this country produces, rarely, if ever, 
finds its way into our coal-bunkers. I 
allude to the anthracite coal of South 
Wales. 

A glance at the table will substantiate 
my statement— 

(See Tuble on following page.) 

The table represents the average com- 
position taken of twenty specimens of 
British coals. Under A we have the 
average of five specimens of caking 
coals; under B of five of non-caking 
coals; under C of five of cannel coals; 
and under D of five of anthracite coals. 

Perhaps some ‘present may take ex- 
ception to the deduction I make from a 
consideration of this table, that the coal 
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ABSTRACT OF AVERAGE COMPOSITION OF BRITISH CoALS. 
Composition, per cent., exclusive of water. 





Carbon. Hydrogen. Nitrogen. 


Sulphur. Oxygen. 





79.71 2! 1.85 
76.04 7 . 
77.71 : ; 
90.60 


9.30 
9.75 
7.00 
1.92 


0.64 
1.02 


0.32 


=] 
0.71 | | 
| 8.44 

| 





under D has a far higher calorific power 
than the others by pointing to the much 
greater proportion of hydrogen contained 
under C, for example, and reminding me 
that the calorific power of hydrogen 
varies between 34 and 35 thousand. I 
think a little consideration will remove 
this, at first sight, natural objection. 

In all fuel containing carbon, hydro- 
gen, and oxygen, there is invariably 
sufficient hydrogen present to form 
water with the oxygen; in fact, it is 
only the hydrogen in excess which is 
available for heat-giving purposes. 

Indeed, so eminent an authority as Dr. 
Percy considers that the hydrogen and 
oxygen contained in a fuel may be taken 
as water already, so that the carbon 
alone is the source of heat, and the car- 
bon cannot be burned without the 
evaporation of this water, at the expense 
of the heat developed by its own com- 
bustion. 

The hydrogen may and does un- 
doubtedly assist materially in the gen- 
eration of flame, but it is equally true 
that that portion which exists with the 
oxygen in the state of water, not only 
does not contribute to the actwal amount 
of heat produced, but consumes no in- 
considerable portion of it. 

It is, therefore, evident that, could we 
80 contrive boilers, or what is better still, 
adapt our existing boilers to burn this 
particular fuel with advantage, we 
should have made a great stride towards 
both efficiency and economy. 

Anthracite, however, is subject to cer- 
tain disadvantages when applied for 
steam-boiler purposes. In the first place, 
it is divided into two great classes, one 
of which “clinkers,” and so requires a 
special arrangement of fire-bars. Again, 
the heat is intensely local, and with ordi- 
nary boilers does not flame. This is a 
manifest disadvantage with tubular 
boilers. The decrepitating variety of 
anthracite is the one most prevalent in 





the coal derived from the Welsh coal 
measures. 

The practical disadvantages to the 
employment of anthracite, are the diffi- 
culty of utilizing the slack, of which a 
large percentage is formed in the mani- 
pulation of the coal, and its tendency to 
split up into small fragments when sud- 
denly heated. The resulting dust forms, 
with the cinder, pasty masses, which 
cannot be burned away, and either choke 
the furnace or otherwise seriously upset 
its working. 

These difficulties in the way of employ- 
ing anthracite, have led from time to 
time to various attempts being made to 
derive from it a serviceable coke. 

None of these have, as far as I am 
aware, been commercially successful, for 
although coke was certainly produced, 
it was friable, and generally of inferior 
quality. 

Messrs. Penrose and Richards, of 
Swansea, in 1874, appear to bave suc- 
cessfully solved this problem. It is not 
the time this evening to enter into any 
detail of the process of manufacture 
adopted by them; it will suffice to point 
out that experience has fully justified 
the estimate I have ventured to make 
with regard to their coke; indeed, the 
comparative trials made at the Landore 
Works, some of which I have had the 
privilege of witnessing, and the manifest 
superiority of the anthracite coke to all 
others employed in the blast furriace, 
have led me to the consideration of the 
practicability of employing the same for 
steam-boiler purposes. 


TABLE SHOWING PERCENTAGE COMPOSITION 
or Dry COKE. 


Hydrogen 

Oxygen and Nitrogen.... 
Sulphur........ eee 
Ash 
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the anthracite coke under B has a higher 
= ta . — value — the coke waasee Bh, 
: : which represents the average composition 
ee «-- x of deen Sttiwent epecientan of British 
coke. Again, the resulting ash is one- 
half in the case of the anthracite coke to 
that from other coke. 
A glance at the table will show that} The specimens of this coke on the 
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table have been taken from a heap ex-|to the action of the atmosphere. It has 
posed freely for the last eighteen months | suffered in no particular. 
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It still presents its characteristic steel- 
gray metallic appearance, nor did the 
pile from which it was taken show any 
sign of crumbling. 

It may be as well to enumerate the 
advantages claimed for this fuel over 
other coke. 

1. Higher calorific power. 

2. Much greater hardness, indeed 
much harder than the anthracite itself. 

3. In burning under blast or other- 
wise, with or without burden, it neither 
crumbles nor decrepitates. 

4, It is about 23 per cent. heavier than 
the north country coke. Indeed, a ves- 
sel recently laden with 240 tons of the 
latter was able to take in 310 tons of 
anthracite coke. 

5. Ordinary coke absorbs, when soaked, 
10 per cent. and even more of water; 
anthracite coke between 1.5 and 2 per 
cent. 

6. The low percentage of ash reduces 
the dust to a minimum, and the com- 
bustion of the fuel is unattended by any 
smoke. 
ie 7. The loss by crumbling is inapprecia- 

e. 

These admirable qualities, as I have 
before stated, led me to consider the 
very great advantages which would 
accrue should it be possible to burn the 
anthracite coke in connection with steam 
boilers. 

The problem to be solved consisted, 
Ist, in producing sufficient flame ; 2d, in 
burning the fuel with economy. The 
hardness and density of the fuel necessi- 
tates a high temperature to ignite it, and 
for this purpose a blast of air or steam 
must be employed. 

By bringing the zone of combustion 
closer to the tuyéres, there arises a 
diminution of the waste of fuel in the 
upper part of the furnace. But it would 
be as well to proceed to the considera- 
tion of the boiler and furnace itself. 

As shown in the diagram, I separate 
the furnace from the boiler proper, in 
fact the furnace becomes a gas generator, 
A. ‘This generator is constructed much 
as an ordinary cupola furnace, closed at 
the interior part. The exterior is com- 
posed of iron rings or cylinders keyed 
together, and the joints stopped with 
fire-clay. The top is of a cowl shape, 
and fits tightly against the boiler face. 
The interior is lined with fire-brick or 





clay. As the anthracite coke produces 
but a small proportion of ash and that 
finely divided, it readily drops through 
the fire-bars into the ash-pit below. The 
blast keeps the fire-bars cool by striking 
above them. The diameter of the gen- 
erator is the same, or nearly so, as that 
of the boiler tube, and I have found a 
depth of eighteen inches of fuel sufficient 
to produce the requisite reactions. 

As is well known, the CO, formed at 
the interior part of the furnace in pass- 
ing through the incandescent carbon is 
reduced to CO, and in that condition 
escapes from the surface of the burning 
mass. It now becomes a question how 
to supply the necessary oxygen for the 
combustion of this CO, and when sup- 
plied how to regulate the same, and pro- 
duce a large heating surface for the 
boiler. 

This is managed by means of the tube 
(B) passing outside the boiler, per- 
forated with holes at stated intervals and 
of known diameter, into which hollow 
tubes are fixed, which, passing through 
the water, act as stays to the boiler 
itself, and open out into the main tube 
or flue of the same. Through this pipe 
air is driven. 

It will be seen that the CO formed at 
the surface of the fire will have to seek 
for the necessary oxygen from the vari- 
ous orifices in the tube, in order to burn 
and be converted into CO,; but as the 
supply of air is limited from each orifice, 
the unburnt CO will be induced to move 
forward to the next and so on, so that 
we can draw the hot flame of burning 
CO to any practicable distance. 

I have found that the heat in the 
boiler is sufficiently high at the remote 
end to enable this to take place; and, 
morever, this is assisted by the fact 
that the air which finds its way into the 
boiler tubes, is heated by having passed 
in close contact with the boiler, and the 
boiling water itself. This, of course, 
reduces the quality of heat consumed in 
raising the air injected. 

Steam decomposed by heated carbon 
instead of air, would theoretically be 
preferable, as we should not have to 
waste so much heat in raising the tem- 
perature of the useless nitrogen, and we 
should have available the hydrogen, and 
there is nothing in the nature of the 
boiler and gas-producer I have described 
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to prevent its employment; but hitherto 
Ihave been content with air, which has 
answered very well, and 1s more easily 
and readily available. 

The tube arrangement for injecting 
air or steam into the flue of the boiler 
admits of regulation in case of necessity, 
either by reducing the blast, or by clos- 
ing one or other of the orifices. 

As regards feeding the furnace: A 
hopper arrangement (C) with sliding 
plates covering the entrance to the gas- 
producer, will enable one to charge the 
furnace mechanically, and entirely ob- 
viate the necessity of stokers. 

The coke naturally splits up into long 
fingers presenting the appearance of the 
samples on the table, so that no labor 
need be expended in reducing the bulk 
of the pieces. 

The chucks will fall vertically into the 
furnace, and a small peep-hole enables 
the fireman to regulate the depth of his 
fire. The smallness of the pieces of coke, 
allows a corresponding diminutive open- 
ing between the hopper and the furnace, 
and so diminishes the escape of the heat. 

I have now described generally the 
nature of the construction of the boiler 
apparatus I prefer; a careful regulation 
of the blast will enable us to burn the 
fuel to a nicety as regards economy, the 
closing of the furnace economises heat, 
and keeps the stoke-hole cool, whilst the 
vertical method of charging obviates the 
expensive and distressing operation of 
stoking. 

It will be necessary now for me to 
bring to your notice the results of the 
experiments I have been able to make. 

Last year, having been satisfied as to 
the practicability of producing a large 
body of flame from the anthracite coke, 
sufficient in itself to produce a working 
head of steam in an ordinary locomotive 
boiler, this year at Neath, on 31st May, 
and Ist and 2d June, the following more 
exhaustive experiments were carried out, 
and with these results : 


TRIALS OF COALS AND PATENT ANTHRACITE 
CoKE. 
May S8ist, June 1st and 2nd, 1877. 
Trial No. 1.—Steam Coal. 
Fired under boiler at 
Steam gauge started from zero at.. 11.17 a.m. 
Steam blowing off through safety- 
valve and steam gauge showing 


pressure of 32lbs., at 12.15 p.m. 





Time taken to raise steam to 32 lbs. = 58 mins. 
Weight of coal used, 2 cwt. 2 qrs. 25 lbs, 
Specific gravity of coal, 1.320. 

Triat No. 2.—Anthracite Coal. 


Fired under boiler at 
Steam gauge started from zero at.. 2.26 p.m. 
Stcam blowing off and steam gauge 

showing pressure of 32 Ibs. at... 3.18 p.m. 
Time taken to raise steam to 32 lbs. =52 mins. 
Weight of coal used, 2 cwt., 2 yrs., 12 lbs. 
Specific gravity of coal, 1.370. 

In both the above cases the quantity 
of cinder withdrawn was inappreciable. 


Trial No. 3.—Patent Anthracite Coke. 
Fired under boiler and blast turned 
t 44 p.m. 

Steam gauge started from zero at.. 4.13 p.m. 
Steam blowing off and steam gauge 

showing pressure of 32 lbs. at... 4.45 p.m. 
Time taken to raise steam to 32 lbs. = 32 mins. 
Weight of coke used, 
Weight taken out after trial, 


2cwt. 1 qr. 4 Ibs. 
1 cwt. 2 qrs. 7 Ibs. t—2 qrs. 25 lbs. 


Specific gravity of coke, 1.200. 
Quantity of blast used — 953 c. ft. per minute. 

Description of boiler in which trials 
were made: 

Shell, 20 ft. x 3 ft. diameter, with 
2 tubes, 20 ft. x 12 inches diameter. 

Fire place 3’ 3” long x 2’ 8” wide. 

From this experiment it follows that a 
boiler employed as I propose is superior, 
as regards fuel consumed and the speed 
of producing a certain result, to a simi- 
lar boiler fired under ordinary considera- 
tions in the proportion of 6.8 to 1. 

For if A does in thirty-two minutes 
a work at an expenditure of 81 pounds 
of fuel, and B to do the same work takes 
fifty-eight minutes with an expenditure 
of 305 pounds of fuel, we have the pro- 
portions— 

1 
>:B::—:=— 
A 32 58 
ie 
81° 305 
“ A: B: : (658x305) : (32x81) 
. A_ 6.8 
-_ Ss 

These, I submit, are very important 
results. It is readily conceded that had 
a blast and gas generator been applied 
to the trial with steam coal the results 
would have been modified; but one of 
the chief objects of the experiment has 
been to show as much the superiority of 


A:B:: 





270 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





the method of burning a fuel over that 
in common use, as the superiority of the 
fuel itself. 

We must now consider, before being 
able to arrive at a definite conclusion as 
to the relative merits of this or that sys- 
tem, what is the cost. 

The cost of anthracite coke at the 
ovens is about 15s. 6d. per ton. 

Taking the average price of steam 
coal at the pit’s mouth to be 10s., there 
is a balance in favor of the steam coal of 
5s. 6d. per ton. 

Taking weight for weight, as shown by 
the experiment quoted, to do the same 
work, neglecting the time, one ton of an- 
thracite coke is equivalent to 3.768 tons 
of steam coal, and hence we have the 
relative cost as 1 to 2.34 for any specific 
work required. 

So that, in point of fact, although 
anthracite coke is much more expensive 
than steam coal, in its employment it is 
less than half the price. 

There is the important question of 
relative bulk to be considered. A given 
weight of anthracite coke occupies a 
space, as compared with the same weight 
of steam coal, represented by the propor- 


tion 13: 10, from which it is evident that 
the bulk occupied by anthracite coke in 
a vessel to send it a given voyage, when 
compared with the bulk of steam coal is 
345:1000— __ 

Because A: B: : 305: 81 


A:B:: 10:13 
Hence A : B=1,000 : 345; 

or, in other words, the anthracite coke 
would occupy but one-third of the space 
required by the steam coal, leaving the 
remainder for freight, or in the case of 
ships of war for additional fuel. 

have now considered the chief 
features of the fuel and the boiler. Be- 
fore recapitulating, it would be advisa- 
ble to endeavor to meet and explain any 
difficulties which, I am sure, will have 
suggested themselves to many of my 
hearers. 

1st. As to the practicability of produc- 
ing the requisite blast, and then the loss 
of power thus entailed. 

Most steam-ships possess a donkey en- 
gine. Such an engine, or indeed one of 
far inferior power, would be amply suffi- 
cient to supply the blast required. In 
the cause of the experiment to which I 





have adverted, the pressure of the blast 
was 5 inches or } lb., which I think is so 
small as to need no particular allowance 
to be made for it. This blast was suffi- 
cient to supply 953 cubic feet of air per 
minute to the furnace. 

A stronger blast would produce more 
speedy results. When once a head of 
steam had been attained, a rod from the 
shafting of the engine itself would be 
sufficient to continue the blast, and 
liberate the donkey engine if necessary. 
Indeed, on an emergency the fire could 
be got up by a hand-blower. 

2d. Supposing the furnace to get out 
of order, how is it to be repaired at sea, 
for example? Most steamers have more 
than one boiler, and as there would be a 
furnace to each boiler, the vessel could 
proceed whilst the damaged furnace was 
being repaired. 

Every vessel would carry some spare 
iron casings, and also fire-bricks, or such 
cylinders of fire-clay of the requisite size, 
as are made of Stourbridge clay every 
day to order. Should such cylinders be 
employed, a new furnace could be 
erected and in work in the space of three 
hours. 

Moreover, there is nothing which 
could cause damage to the furnace, or 
render it unserviceable, except the burn- 
ing away of the fire-clay. 

The fuel noé being in the presence of 
iron, as in a cupola furnace, the life of 
the clay is greatly prolonged. The roof 
of a reverberatory furnace in the Arsenal 
is found to last without repair for nine 
months, and therefore we may reasona- 
bly conclude that the furnaces of a sea- 
going steamship would not need repair 
so frequently. This operation is inex- 
pensive, as the cost of the fire-clay cylin- 
ders for a furnace with a radius of 12”, 
and depth of 36 inches, would be about 
£3. 

As regards the filling of the hoppers 
(which would be covered to prevent the 
scattering of the fuel when there was a 
lurch), this could be arranged by a Jacob 
ladder from the coal bunkers direct, and 
so the lifting of the fuel by manual 
labor would be avoided. Indeed, were 
one to build a vessel expressly with a 
view to the employment of this particu- 
lar boiler, the level of the coal bunkers 
could be so arranged as to obviate this 
necessity, for the top of the hopper need 
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not be more than four feet six inches to 
five feet above the level of the engine 
floor. Again, as regards the complica- 
tion of the waste-pipe arrangement by 
which the flame is drawn through the 
boiler-tubes, though I consider it to be a 
decided advantage, as regards the efli- 
cient burning of this or other fuel, the 
boiler would work favorably if an excess 
of air were blown in at the tuyéres, suf- 
ficient to supply the necessary oxygen 
for the combustion of the CO. 

The short tubes or stays communicat- 
ing with the boiler-tube tend to strength- 
en the boiler itself. 

3d. As to the supply of the fuel, an- 
thracite has been but little employed in 
this country as compared with other 
coals. 

For malting, and for a little copper 
smelting, it has been used for some time, 
but it is only lately that attempts have 
been made on any scale to take advant- 
age of its high calorific power, and of 
its comparative purity, to use it in steam 
boilers. Even then a considerable pro- 
portion of other coal has to be employed, 
which detracts greatly from the results 
obtained from the use of the anthracite. 

We may therefore consider our vast 
anthracitic basin at our disposal intact ; 
, and its employment in the form before 
us will give us the maximum of its valu- 
able properties with a minimum of 
waste, for the slack of anthracite is ad- 
mirably adapted for the manufacture of 
anthracite coke. 

It only remains for me briefly to re- 
capitulate the advantages claimed by the 
use of a particular and readily procurable 
fuel, and then when burnt in a particular 
way, as compared with the method of 
fuel in common use. 

I. To doa given work there is a saving 
of between three and four times the fuel 
by weight. 

II. There is a saving of two-thirds the 
bulk and consequent gain of freight. 

III. The cost of the fuel alone is less 
than one-half. 

IV. There is no appreciable loss by 
weathering, or by disintegration. 

V. Stoking, as at present carried on, 
is obviated. 

VI. The fuel is more completely con- 
sumed. 

VII. The fuel is not liable to spon- 
taneous combustion. 





VIII. It absorbs one-fifth the amount 
of moisture. 

XI. On account of its purity the boiler 
is not burned. 

X. There is an absence of dust and 
smoke. 

XI. The engine room is both cool and 
clean. 

The advantages which would be de- 
rived by a fleet from a successful appli- 
cation of some such method can hardly 
be exaggerated. Its strength would be 
more than doubled. Apart from the 
question of cost, a war vessel would be 
able to treble its voyage without calling 
at a coaling station; the number of coal- 
ing stations could be reduced, and a large 
store of fuel could be kept in any climate 
without fear of deterioration. ‘The flame 
and smoke from the funnel, which render 
a war steamer a target by night, and the 
discoverer of its own track by day, 
would be no longer found. 

In conclusion, I beg leave most ear- 
nestly and emphatically to disclaim any 
idea of having made any startling dis- 
covery; my sole object in coming here 
this evening is to lay before you the re- 
sults of experiments and experiences 
which have occupied my attention to a 
great extent for the last few years, in the 
hope that I may have assisted, in how- 
ever humble a degree, in helping forward 
one of the great questions of the day, 
and ore which so urgently calls for a 
satisfactory and speedy solution. 


— ome 


A pDEscrIPTION of a simple contrivance 
for the rapid cooling of liquids, invented 
by M. Toselli, is described in Les Mondes. 
It consists of a cylindrical cup, for hold- 
ing any liquid, into which may be plunged 
an inner goblet, shaped like an inverted 
truncated cone, and having a lid which 
rests on the outer cup. Putting 150 
grammes of nitrate of ammonia in the 
inner goblet, filling it with cold water, 
and stirring it so as to hasten the solu- 
tion, the temperature of the outer liquid 
is soon reduced at least 12° deg. C._—22 
deg. Fah. The salt may be used for an 
indefinite perfod, by spreading it on a 
plate after each trial, and exposing it to 
the sun until it crystallizes anew. The 
inventor prepares a salt which will lower 
the temperature 28 deg. C.—50 deg. 
Fah.—in the warmest countries. 
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THE SEWAGE OF LONDON. 


From ‘“‘ Nature.” 


Tue question of the effect of the main 
outfall sewers of the metropolis on the 
reaches of the Thames below London has 
occupied the attention of engineers not 
only since the completion of the works, 
but throughout the long series of years 
when those works were under considera- 
tion. Some persons, qualified to make 
accurate observations and draw correct 
deductions from them, asserted that 
large masses of deposit were directly 
due to these outfalls, and were daily in- 
creasing in magnitude, while others, de- 
manding equal confidence in their state- 
ments, asserted that no such deposits 
existed—in fact, that the sewage outfalls 
tended to improve the bed of the river 
by increased scour; thus the bulk of en- 
gineers for a long time held diverse 
views or suspended judgment on the 
subject, while the general public, not 
knowing whom to believe, trusted it 
would turn out all right in the end. In- 
asmuch as the Metropolitan Board of 
Works is bound, under the Thames 
Navigation Act of 1870, to keep the 
Thames free from banks and other ob 
structions to the navigation due to the 
flow of sewage from their outfalls, and 
to carry on all dredging operations ‘re- 
quired for that purpose, at their own ex- 
pense, the vision of the possible cost of 
these works to the London ratepayer is 
unlikely to be pleasing; still less could 
any interference with the highway to the 
most important port in the world be 
tolerated by the Board who were looked 
to for its preservation. In 1869, the 
metropolitan main outfalls having been 
opened in 1863-64, the Home Secretary 
appointed Mr. Rawlinson to hold an in- 
guiry on the reported silting up of the 
Thames, which was then causing great 
alarm; such, however, was the contra- 
dictory nature of the evidence, that the 
result was almost nugatory, and the 
question still remained in abeyance. In 
the course of the last summer the Thames 
Conservators requested Cap., Calver, R. 
N., F.RS., to direct his attention to the 
subject, and report to them thereon. 
Before pointing out the conclusions ar- 





rived at by Capt. Calver,* it will be as 
well to direct attention tothe part of the 
river under consideration. The northern 
outfall is situated immediately above 
Barking Creek, which forms the em- 
bouchure of the river Roding, and is 
about two miles below Woolwich; the 
southern outfall is a! out 2} miles lower, 
or 44 miles below Woolwich. 

In the face of the fact that this special 
inquiry was held and many competent 
witnesses examined with the sole object 
of determining whether or no the sewage 
outfalls have caused a silting up of the 
river in their neighborhood, or the form- 
ation of shoals and mudbanks, and that 
so many obs@rvations and statements 
have since been made with the same 
view, it seems perfectly monstrous that 
the question should still remain unsettled. 
In the report now before us we have the 
last contribution on the subject, or per- 
haps, with more fairness it might be 
said the last but one, as since its publi- 
cation Sir Joseph Bazalgette has ad- 
dressed to the daily press a letter con- 
taining a direct denial of many of the 
conclusions there arrived at. When pro- 
fessional experts differ so entirely not 
only in their conclusions, but also in the 
facts upon which these conclusions are 
based, we see no other course open but 
to appeal to the cooler and more unbiased 
judgments of pure science. 

In comparing the analyses of Thames 
mud from various parts of the river, 
given in Capt. Calver’s report, embody- 
ing aseries taken in 1867, and another 
in 1868, by the late Dr. Letheby, with 
those given by Dr. W. A. Miller, and 
Dr. W. Odling in 1869, so close an 
agreement is manifest that a safe con- 
clusion can be drawn from them. The 
analyses are as follows : 


AVERAGE PERCENTAGE COMPOSITION. 


Organic matter, 15.00 14.19 1867 Dr. Letheby. 
Mineral ‘‘ 85.00 85.81 1868 = 


100.00 100.00 





* “Report upon the Discharge of Metropolitan Sew- 
age into the River Thames at Barking Creek and 
Crossness.” By Capt. E. R. Calver, R.N., P.R.S. 
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On these analyses Dr. Letheby re- 
marks that the above percentage propor- 
tions did not differ materially from the 
quantities of organic and sewage matters 
which he found suspended in water at 
London Bridge, and in the mud at Lon- 
don Bridge, Chelsea, and Westminster, 
when the sewage was discharged 
at low water. The next table gives 
nearly identical results from the analysis 
of the mud at the outfalls in 1867, and 
those of the suspended matter in the 
Thames water at Greenwich, Woolwich, 
and London Bridge in 1862, by the same 
chemist. Now, Dr. W. A. Miller so far 
agrees with these results that in his evi- 
dence, given at the inquiry before referred 
to, in 1869, he states the percentage of 
organic matter in the mud taken from 
Barking Creek to be 16.2, from the 
Thames between Chiswick and West- 
minster, 15.8, and further, that of these 
two quantities 3.1 and 3.05 respectively 
consists of. nitrogen, and finally, in 
answer to the question: “ But there is 


nothing special and differing in the mud 
at Barking from the ordinary mud of the 
River Thames?” he says: No, the com- 
egg is as nearly the same as may be. 


ith these observations Dr. Odling’s 
evidence closely agrees. 

Here, then, we have an agreement 
which nobody appears to dispute, and 
which leads inevitably to the conclusion 
that the great bulk of noxious putrescible 
matter left uncovered at low water 
throughout the whole of the tidal portion 
of the Thames owes its deleterious char- 
acter mainly, if not entirely, to the 
presence of sewage matters. Having 
carefully pointed out and established 
this identity of composition, Capt. Calver 
proceeds: “It is, however, equally 
necessary to prove that there is enough 
of this material in the sewage discharged 
from the outfalls to account for the large 
accumulations of it which have found a 
resting-place in the Thames channel.” 
Here we are met by estimates differing 
in the wildest manner, and varying from 
35 to 100 grains per gallon, and again to 
nearly double that amount, but fortu- 
nately we are here even given material 
for a trustworthy estimate. In the table 
of analysis given by Prof. Williamson of 
samples taken from the northern outfall 
in September of this year we find 108.01 
and 151.45 grains per gallon as the actual 

Vout. AVILL.—No. 3—18 


amount of suspended solid matter at dif- 
ferent times, the samples being collected 
in fine weather. Now abundant evi- 
dence has been given at various times, 
showing that after heavy rain the sewage 
contains an amount of solid impurity 
| equal to, if not greater than, that in the 
| fine-weather flow; thus there can be no 
doubt that the lower of these two figures 
is not in excess of the average. Capt. 
Calver takes the amount at 100 grains 
per gallon, and multiplying by the daily 
| discharge, quoted as 120 million gallons, 
he obtains a result of 279,225 tons per 
‘annum. This probably does not exceed 
‘one-half the true amount, as the water 
|supply of the metropolis alone reaches 
}the amount assumed for the daily dis- 
| charge, and the rainfall over the drain- 
| age area gives nearly an equal amount, 
| which, for the reason just stated, must 
| be taken into account. We thus appear 
|to have at command upwards of half a 
million tons of suspended matter dis- 
charged into the Thames in each year, 
which is amply sufficient to account for 
the deposits observed. Thus we read in 
the report that “ Mr. Leach (the engineer 
of the Thames Conservancy Board) re- 
ported in December (1871) that a depo- 
sition of 7 feet 9 inches of mud had 
formed between the upper end of the 
southern embankment and the White 
Hart Draw Dock, Lambeth; that another 
bank, 100 feet wide and 6 feet thick, oc- 
cupied the river-frontage of St. Thomas’s 
Hospital, &c. By July of last year a 
material portion of these masses had been 
cleared away by excessive rainfalls.” Are 
we to be left to the mercy of such an un- 
pleasant remedy as the floods of last 
autumn to abate a nuisance of such mag- 
nitude, threatening, as it does, the exist- 
ence of such an institution as St. 
Thomas’s Hospital, and showing how 
soon we may return to the unsanitary 
state of affairs that existed twenty-five 
years ago? We have purposely avoided 
dealing with an equally important part 
of Capt. Calver’s report, in which he 
points out the danger of the silting up 
of the navigable channel of the Thames 
below London, as he has not shown that 
the sectional area, though varying from 
year to year, has at any point perma- 
nently diminished, still the destructive 
elements have been shown to exist, and 
the forces which now hold them in equi- 
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librium may at any time be thrown out 
of balance and the evil creep on imper 
ceptibly, if once the eyes of the public) 
are closed to its existence. Without 
going into the question of the value of 
the sewage estimated by the highest 
authorities at £1,000,000 per annum, 
thus not only wasted but employed as a 

owerful obnoxious agent, enough has 
ee shown from the report before us to, 
we hope, show the suicidal folly of dis- 
charging sewage wholesale and unpurified 
into tidal rivers. Yet even now a scheme 
is under consideration for the collection 
of the sewage from a large area in the 
Thames Valley and for its discharge into 
the tidal waters of the Thames. We be- 
lieve that a careful perusal of Capt. Cal- 
ver’s Report will dispel from the minds 
of the Thames Valley Joint Board all 
hopes of a satisfactory though expensive 
solution of their difficult problem being 


indispensable at present, 1nd may be an 
unavoidable and constantly recurring ex- 
pense until some profitable scheme is de- 
vised for utilizing the metropolitan sew- 
age; in the meanwhile the example of 
the inhabitants of Abingdon, as shown 
by the letter of their medical officer of 
health in the Sanitary Record of No- 
vember 30, shows the inutility of other 
towns in the valley of the Thames striving 
to follow the example of London, and 
further increasing its difficulties. We 
learn from Dr. Woodforde’s letter that 
the whole of the sewage of the town of 
Abingdon is purified by filtration through 
natural soil being frequently absorbed 
by one acre of land, and that the amount 
of organic and inorganic impurity con- 
tained in the effluent water after passing 
through the land is far less, in some 
cases less than one-half that contained 
in the well water used for drinking pur- 





arrived at in this manner. As a remedy | 


poses inthetown. As this unprecedented 


for the state of things he has shown to/result has been obtained on land of a 
exist Capt. Calver recommends that, in| character which exists in abundance 
pursuance of the powers they possess, the | throughout the Valley of the Thames we 
Conservancy Board call upon the Metro-| think that the towns situated therein 
politan Board to dredge away the ob- have not far to look for the solution of 
structions they have caused; this may be | their difficulties. 


PRESSURE ON FOUNDATIONS. 


From ‘* The 


When an engineer is called upon to, 
design any structure of importance, a| 
part of which has to be constructed | 
below the natural surface of the ground, | 
his first question is, “What sort of a 
foundation is there?” The character of 
the superstructure may be to a great | 
extent a matter of choice, and, in some | 
instances, may be varied almost at pleas- | 
ure; but the nature of the substratufn is 
fixed unalterably, and there is no escape 
from any difficulties which it may entail, 
except, indeed, as rarely occurs, when a 
change of site is possible. The most 
essential preliminary operation towards 
ascertaining the description of soil upon 
which one has to build is that of boring, 
and it is truly surprising how frequently 
it is neglected. In numerous instances 
which we could mention where the 


Engineer.” 


tude, there were either no borings what- 
ever made, or those that were made were 
sunk at intervals so few and so far be- 
tween as to afford no accurate indication 
of the real nature of the subsoil, and the 
pressure which it might be safely as- 
sumed to bear. At the present moment 
there is a large building in the metropo- 
lis, the progress of which is completely 
arrested, owing to the fact that the 
money intended for the superstructure 
has been absorbed in the foundations. 
It might reasonably be supposed that if 
an adequate number of borings had been 
made, they would have revealed the true 
character of the sub-stratum, and enabled 
a correct estimate of the necessary depth 
and cost of the foundation to be made. 

The pressure upon foundations may 





works have been of considerable magni- 


be divided into two separate heads— 
first, the total pressure due to the weight 
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of the building, and, secondly, the 
greatest pressure upon a unit of area. 
The latter consideration, in conjunction 
with the bearing capabilities of the 
ground, usually determines the general 
character of the sub structure, and the 
mode in which it is designed and 
arranged. It does not, however, neces- 
sarily follow that the harder and more 
unyielding the ground, the better it is 
adapted as a foundation for structures in 
which there is a great localization of 
pressure. There are circumstances in 
which adamant itself would present 
greater difficulties in this respect than 
shifting sands. A rock foundation, of a 
homogeneous consistency, might possibly 
be safely loaded with any weight short 
of its own crushing load; but a founda- 
tion of this description is not by any 
means a universal desideratum with en- 
gineers. Consequently the mere power 
of bearing great pressure is not. the sole 
requisite to be looked for in searching 
for a good foundation. <A very import- 
ant feature with regard to founding a 
structure securely is the possibility of 
penetrating to a certain depth into the 
stratum in which the foundations are to 
be laid. It is obvious that, viewed in 
this light, the harder the stratum the 
greater the difficulty and the expense of 
founding the building. Although the 
possibility of rock carrying safely a load 
nearly equal to its own crushing weight 
has been mentioned, yet in practice it 
would not be assumed to bear more than 
a sixth, or even an eighth of this 
amount. 

Rock which is not of a homogeneous 
texture, or which will not bear exposure 
to the air, or which comes under the 
denomination of “ bad rock,” constitutes 
a very undesirable stratum upon which 
to build. It is suitable neither for 
diffused nor concentrated pressure. Its 
bearing capacity is very limited, while 
its hardness renders it generally difficult 
of penetration, although there may be 
“soft spots” here and there. The usual 
practice in cases in which this want of 
uniformity in the resistance of the 
ground exists, and in which the pressure 
is diffused, is to lay a bottom course of 
concrete over the whole foundation area 
and build upon it. In adopting this 
method the precaution must be taken of 
giving the concrete a sufficient minimum 





thickness, or the result will be that the 
concrete will crack first and the building 
afterwards. It is for this reason that it 
is often preferable, especially if the area 
of surface bears a large proportion to the 
cubic contents, to employ bituminous 
concrete, or concrete of a composition 
which insures some slight amount of 
elasticity throughout it. It is evident 
that the pressure of any structure, what- 
ever its total weight might amount to, 
would, when uniformly diffused over 
solid rock, be trifling compared to the 
almost unlimited resisting powers of the 
rock itself. If we accept concentrated 
loads, such as those transmitted through 
piles and columns, the pressure exercised 
by the Britannia tower in the Menai 
Straits upon the rock at its base may be 
considered as one example of the 
greatest pressure upon a foundation of 
this nature. What does it amount to? 
It equals sixteen tons to the square foot, 
or only about one-thirtieth of the abso- 
lute crushing weight of the stone of 
which the tower itself is built. For a 
choice of foundation we should prefer 
under ordinary circumstances a sub- 
stratum of hard compact gravel to any 
other. 

There is a very large class of engineer- 
ing structures which cannot be founded 
on a wide or extended area of base. In 
their case the supports of the super- 
structure must be at considerable inter- 
vals of space. This class comprises such 
work as bridges over rivers and estuaries, 
as built according to modern practice, 
piers and jetties, roofs of large stations 
and manufactories, and all public build- 
ings in which the area under cover is so 
large as to necessitate the employment 
of columns and pillars in order to sub- 
divide the total span from side wall to 
side wall. The concentration of weight 
thus thrown upon single pillars neverthe- 
less rarely reaches the amount attained 
by the more solid and massive types of 
construction. From seven to eight tons 
per square foot appear to constitute the 
greatest pressure exercised upon the 
foundation, by the best known examples 
of the class of engineering works referred 
to. This apparent anomaly is unques- 
tionably due—in the case of bridges at 
least—to the great difference in the dead 
weight of the old and modern structures 
themselves respectively, and not to the 
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live or rolling load which they were in- 
tended to carry. As an example, com- 
pare Waterloo Bridge with the Charing 
Cross Railway Bridge, both of which are 
founded upon the same bottom; the 
dead weight of the former is enormously 
in. excess of that of the latter. But 
when the moving load is considered the 
»roportion becomes reversed. Waterloo 
Bridge was never intended to carry four 
lines of running locomotives on it, and 

robably never will, although there is no 
doubt it could do so with perfect safety. 
This is more than could be said of either 
Westminster or Blackfriars Bridge. The 
cylindrical foundations of Charing Cross 
Railway Bridge are carried down toa 
considerably greater depth than the 
rectangular piers of the stone bridge, 
and consequently derive great additional 
support from the lateral pressure or fric- 
tion of the ground into which they pene- 
trate. 

The question then arises, in what 
proportion does this augment the re- 
sistance to a concentrated load, as com- 
pared with the same load diffused over a 
larger foundation, which, owing to its 
particular form and shallowness of pene- 
tration, gains practically little or no 
advantage from any lateral pressure or 
friction? In other words, to what depth 
should acylinder of a given area be sunk, 
in order that the form of the vertical and 
lateral or frictional resistances should be 
equal to the vertical reaction of a given 
rectangular area which receives no fric- 
tional resistance? Having regard solely 
to the foundations of the two structures, 
and assuming their weights to be equal, 
suppose Charing Cross Bridge were piled 
up on Waterloo Bridge, would the latter 
be able to carry it? Wethink it would. 
On the other hand, suppose Waterloo 
Bridge were super-imposed upon that at 
Charing Cross, would the latter be able 
to support it? We think not. 

The pressure brought in some few 
instances upon timber piles must be re- 
garded as exceptions to the statement 
previously made, that concentrated loads 
rarely attained to the same amount as 
those of a diffusive character, provided 
that it be conceded that the loads in 
question were carried exclusively by the 
piles. This is very doubtful indeed, as 
it is impossible to exclude from considera- 
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tion the resisting action of the surround- 
ing ground. Besides, in numerous in- 
stances timber piles are driven quite as 
much with the view of consolidating, 
and thus increasing the supporting power 
of the soil, as with the intention of 
carrying much pressure themselves, 
When the substratum consists of sand 
or good clay, disc and screw piles are 
very much used by engineers for sup- 
porting concentrated loads, especially 
when the structure is erected over a river 
or in the sea. Modern examples of this 
class of engineering works give from 
four to seven tons as a safe practical 
pressure per square foot of either disc or 
screw blade of the pile. It is equally 
uncertain in this instance what amount 
of resistance is derived from friction; 
probably not so much as in the case of 
piles and cylinders of a uniform diameter 
without discs or blades, because although 
the earth closes round the shaft of the 
latter description of piles, yet it may not 
possess quite the same resistance as if it 
had never been disturbed. It is found in 
screwing piles into clay that the clay 
does not rise in the interior of the pile to 
the same level which it has on the out- 
side, although a column of it equal to 
that height must have been displaced by 
the sinking of the pile. 

In conclusion, we will cite a very re- 
cent example of the uncertainty which 
exists with respect to foundations and 
the pressure which the soil will bear. It 
occurred in connection with the building 
of a large underground tank. A similar 
tank, about 40 feet or 50 feet from the 
site of the new one had been in existence 
for several years, and never evinced any 
sign of failure or weakness. Its founda- 
tion had been proved by borings to be 
of an excellent character. When the 
new tank was nearly completed some 
very heavy rains came on, and in one 
night the outside slopes fell in and the 
bottom of the tank “blew up,” as it is 
termed, breaking the piles, walings, and 
other large timbers into pieces. An ex- 
amination of the ground and subsequent 
borings showed this particular spot of so 
limited an area, to have such a bad bot- 
tom, that it was found preferable to 
choose a fresh site close to the other, and 
build another tank, rather than attempt 
to repair that nearly destroyed. 





EXPERIMENTS ON THE STEAM ENGINE. 





EXPERIMENTS ON THE STEAM ENGINE. 


By G. A. HIRN, DWELSHAUVERS-DERY, W. GROSSETESTE anv O. HALLAUER, 
From “‘ Bulletia spécial de la Société de Mulhouse,” Abstracts published for the Institution of Civil Engineers. 


TuESE experiments were made accord- 
ing to the analytical and experimental 


| 


The machine employed was a beam 
engine, with a single vertical cylinder, 


method developed in the second volume | furnished with four distributing valves, 
of M. Hirn’s recent work on Thermody-| and supplied sometimes with saturated 


namics. 
gine cannot be considered as a simple 
mechanism, of which the functions may 
be analyzed without reference to the 
physical properties of the organs, but 
that the surface of the cylinders act as 
thermic reservoirs, which absorb and 
give up heat alternately to the steam 
during its working and ejection. Errors, 
not of 2 or 3 per cent., as anticipated, 
but of 40 and 50 per cent., are thus 
caused between estimated and actual 
result. As an instance, steam super- 
heated to 446° Fahr., in which condition 
it may almost be considered a permanent 
gas, falls on entering the cylinder to its 
oint of saturation, and even condenses 
in part. This is discouraging, because 
it shows how difficult it is to form a gen- 
eral theory of the steam-engine, how an 


improvement in one direction is counter- 
acted in another, while it explains the 
frequently vast difference between theory 


and practice. The experiments were 
made specially with the intention of dis- 
covering what amount of expansion of 
steam gives the maximum economy with 
a certain pressure and a certain amount 
of superheating; also the difference be- 
tween a condensing and a high-pressure 
engine. 

In order that a body after being ex- 
panded through heat may perform ex- 
ternal work, it must be cooled, and 
thermodynamics teach the simple relation 
which exists between the maximum work 
obtained, the quantity of heat furnished, 
and the absolute temperatures between 
which the operations are performed—the 
range. The maximum temperature even 
for superheated steam must be below 
that at which lubricating materials are 
decomposed, or about 482° Fahr., while 
condensing water cannot be relied on 
below 68°, so that the maximum of possi- 
ble effect is 249 French HP. per 100 
calories expended, nearly 250 HP. per 
400 British thermal units. 





They show that the steam-en-| and sometimes with superheated steam. 


In one instance it worked at high 
pressure without a condenser; the expan- 
sion could be varied at will. The ob- 
servations made may be grouped in three 
separate series : 

I. The weight of steam consumed, 
and of hot water ejected from the con- 
denser, obtained by two distinct guag- 
ings, the difference being the injection 
water. The feed-pump drew the boiler 
supply from a cask alternately filled and 
emptied, and the ejection water from the 
condenser was received into a masonry 
tank, and, flowing through an orifice in 
a thin partition, was deduced from the 
mean of the day’s quantities above the 
orifice. A table gives the date of ob- 
servation, the extent to which the steam 
was superheated, the cut-off, the weight 
of steam and that of the injected water 
per piston stroke. 

II. The temperatures of the injection 
and ejection water were observed, and 
are given in a second table, 

III. Estimate of the details of the 
work, Under this heading were consid- 
ered not onty the full pressure, expansion, 
and counter-pressure, and the real indi- 
cated effect, but also the pressures at dif- 
ferent points in the cylinder, where it is 
wished to study the heat state of the 
steam. M. Regnault’s tables give all 
the data, such as the temperature, dens- 
ity, total heat of evaporation, and the 
internal heat of the steam, whilst the 
pressure at each moment was obtained 
by M. Hirn’s flexion Pandynamometer, 
which utilizes the beam of an engine as 
a spring, and measures its deflection. A 
third table gives the indicated HP. and 
revolutions per minute thus obtained. 
In a fourth table are shown the mean 
boiler pressure, and the temperature of 
the steam generated, as indicated by an 
open-air manometer, together with the 
values which lead to the first verifica- 
tion; that of the consumption of the 
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motor per piston stroke for the calories 
produced by the steam, diminished by 
those absorbed in work and external 
cooling, must be found in the condensa- 
tion water. The results obtained are, 
with one exception, correct within 1 per 
cent.; the cause of the error of 3 per 
cent. in the excepted case cannot be 
traced. 

Influence of the surface of the cylinders. 
Extent of the error which may be com- 
mitted in neglecting their action. For 
this purpose it is necessary to calculate 
the weight of steam used at various 
points of the course of the piston. The 
volumes generated by the piston are ob- 
tained by direct measurement; the press- 
ures, for instance, at the commencement 





closes, the expansion begins; without 
interrupting the exchanges of heat be- 
tween the originally heated and the cold 
part of the cylinder, the steam and its 
liquid evaporate on one part and con- 
dense on another, until at the end of the 
stroke the steam is in a condition differ- 
ent from that existing at the end of the 
admission. The same changes take 
place with superheated vapor, which 
loses not only the superheat, but a por- 
tion of its heat of evaporation, and con- 
denses. 

Hitherto this loss of heat has certainly 
not been denied, but its effect has been 
considered insignificant, for the reason 
that gases are bad heat-conductors, and 
the time of a piston stroke has been 


of the expansion and at the end of the considered too short to allow of a con- 
stroke give the corresponding values of | siderable exchange of heat by radiation; 


the densities of dry steam, and it is quite 
easy to obtain the weight of vapor pres- 
ent at these two points. The difference 
between the weight of vapor directly 
gauged and that equivalent to the com- 
mencement of the expansion and end of 
the stroke, as given in a fifth table, is 
generally a loss, but sometimes a gain. 
The loss was at first attributed to an 


escape between the piston and cylinder, 
but this would not explain the case 


when the calculated was in excess 
of the measured weight; the piston 
may then be considered hermetical, and 
the key to the loss is derived from the 
same proposition of physics from which 
Watt derived the theory of the con- 
denser, viz., that when steam is intro- 
duced into a reservoir of invariable 
dimensions, whose walls are not all of 
the same temperature, the final tension 
is always that which corresponds to the 
lowest temperature. 

When the steam is taken direct from 
the boiler, it is a saturated vapor of 
which a portion condenses on the 
slightest fall of temperature, and as the 
steam generally carries a portion of 
water with it, an addition of heat vapor- 
ises this water. The steam enters the 
cylinder, the surfaces of which are of a 
lower temperature than itself, and of 
‘considerable extent relative to its vol- 
ume. The steam condenses, giving up 
to the metal its heat of evaporation; the 
piston moves slowly at first, and then 
more quickly, offering new and increased 
surfaces to condense the steam; the valve 





this, however, takes place by direct 
contact and condensation, not by radia- 
tion, and produced a condensation in one 
case as high as 36 per cent. at the com- 
mencement of the expansion. In certain 
cases very slight quantities of water 
have been found: thus with superheated 
steam, and a cut-off of 4, 4, the conden- 
sation has been only 1, 24 per cent., 
whilst with saturated vapor, and a cut- 
off of 4, there have been condensations 
of 25 to 36 per cent. M. Hirn explains 
this by assuming that in the interior of 
the mass, and notwithstanding the con- 
densation which always takes place on 
the metal, the steam remains superheated 
at a temperature superior to the tension 
reached. 

The next question is what becomes of 
the heat in the cylinder sides, and it is 
necessary to define the internal heat (U) 
of a mixture of steam and water: it is 
the total heat of the mixture, diminished 
by the portion which the external work 
has cost. To know what takes place in 
expansion, it is necessary to compare the 
internal initial and final heat, as well as 
the amount absorbed in the interval, by 
the work of expansion. This comparison 
is made in Table 6, in which in two cases 
the internal heat is greater at the end 
of the stroke than at the commencement 
of the expansion, and yet the work of 
expansion has caused a disappearance of 
heat, and the gain of heat must have 
been at the expense of the cylinder 
walls. But this is only one side of the 
question, for the cylinder walls contain 
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more heat than they have given up, and 
the remainder has to be accounted for. 
It is the so-called R ¢ cooling at the con- 
denser, and is a loss caused as follows: 
When the moment of release arrives, the 
valve opens to the condenser, the press- 
ure rapidly falls to that corresponding 
to the temperature of the condenser, and 
is less than that of the end of the stroke; 
the temperature of the cylinder sides is 
greater than that corresponding to the 
pressure; evaporation and boiling occur, 
and a quantity of heat is sent to the con- 
denser without producing any useful 
effect. To recapitulate, Rc is the heat 
taken from the cylinder sides during the 
release, increased by that of the work of 
ejection; it should be found in toto in 
the condensation water. On the other 
hand, being in the cylinder sides, it does 
not figure i in the expression for the final 
internal heat U; the difference between 
these quantities gives it. A Table con- 
tains this comparison, the greatest ratio 
of difference being about 1 per cent. 
The only case in which Re was a nega- 
tive quantity was in the high-pressure 
trial, in which the steam was found dry 
at the end of the stroke. This is a thor- 
ough confirmation of the redson as- 
signed for the loss in other cases; a loss 





amounting to as much as 22 per cent., 
and one that should, if possible, be re- 
duced. 

To show how the errors committed on 
the expenditure of steam may extend to 
the estimate of the work, it should be 
ascertained whether the steam condensed 
during the admission really corresponds, 
Ist, to the work produced by expansion; 
2nd, to the external cooling of the cylin- 
der; 3rd, to the internal cooling of the 
cylinder whilst the steam is injected into 
the condenser. M. Ilirn has done this 
by considering the active portion of the 
sides of the cylinder to form, as it were, 
part of the steam and water present, and 
to have their temperature; and he has 
thus obtained an integral of all the quan- 
tities which enter into the question, viz., 
the mass of steam, the absolute tempera- 
ture, the heat of evaporation and the ca- 
pacity, which is compared with the value 
taken directly from the curves, showing 
an accordance to within 1 per cent. An- 
other table gives the proportion of vesci- 
cular water either attached to the sides, 
or in suspension in the steam and carried 
to the condenser. The direct practical 
consequences of the experiments are 
next considered, and the following re- 
capitulary table is given : 





Date of, Trial. State of Steam. 


Pressure of 
Steam at end!‘ 
ofadmission. 
Per sq. inch. 


Propor- 
tion of 


Propor- | 
tion of 

Waterat Heatcar- 
end of | ried off 


Consump- 
tion of 
Steam per 
1 HP. 
Stroke. | by Re. 


per Hour. 





steam = superheated } 
447.8° F. (231° C.) 
Admission } r¢ 

Saturated patie 
Admission + t 

Steam supe cheated 
419° F. (215° C. yt 
Admission 4 

Steam tae Oy. 
433.4° F. (223° C 
Admission 4, “ae 
partly closed J 

superheated 


le 
t 
§ 
| 
-~. F. (195 C.) 


Nov. 18, 1873 


Nov. 28, 1873 


Aug. 26, 1875 


Aug. 27, 1875 


7, 1875 
8, 1875 


Sept. 
Sept. 


Admission + 

Saturated steam 
Admission } 

Steam superheated 
428° F. (220° C.) 
Admission 4, valve 
more closed 

Steam superheated 
428° F. (2: 20° C.) 
Admission 4, with- 
out condensation 


Bept. 29, 1875 


Oct. 28, 1875 








56.248 Ibs. 
53.724 Ibs. 


58.904 lbs. 
32.802 Ibs. 


55.651 Ibs. | 


54.529 Ibs. 


24.830 Ibs. 


48.831 Ibs. 


Percent Percent. 


16.902 Ibs. | 12.0 


22.057 Ibs. 


15.404 Ibs. 
18.037 Ibs. 


15.677 Ibs. 


19.613 Ibs. 


18.099 Ibs. 


27.093 Ibs. 
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In comparing the results of 1873 and 
1875 under similar conditions, there are 
anemalies explained by the cylinder hav- 
ing been altered, the exhaust ports in- 
creased, and the lead made greater, 
which improvements have caused a 
diminution of 10 per cent. in steam con- 
sumption. The question of superheating 
is not further discussed, as it is shown 
to give an economy of 20 per cent.; but 
in conclusion the three following matters 
are considered: 

1. The influence of expansion, Ad- 
missions varying from 4 to 4 give about 
the same consumption; these obtain in 
practice. Below 4, water at the end of 
the stroke and R ¢ increase, and hence a 
point would be arrived at when the en- 
gine would be less economical, which 
has not, however, been discovered by 
the Author. On the other hand, an 
admission of 4 has been clearly shown to 
give larger expenditure. 

2. The influence of wire-drawing the 
steam. Two experiments show that this 


is without effect on the economy; the 
steam was superheated in each case 
equally (see 27th Aug. and 29th Sept. in 
the table), and there was a difference of 


4 atmosphere of pressure, but the con- 
sumption of steam remained the same. 
The difference between the results of the 
26 and 27 Aug. is due to difference of 
expansion and not to wire-drawing. 

3. Economy realized by application of 
the condenser. This is shown to be at 
least 43 per cent. 

In the commencement it was stated 
that 249 HP. per 100 calories is the theo- 
retical maximum, with a limit of tem- 
perature of 482° Fahr. The highest re- 
sult obtained in these experiments is 
135.77 HP. per 172 79 calories, or 31.5 
per cent. 

——- 6 
REPORTS OF ENGINEERING SOCIETIES. 


; NGINEERS’ CLUB OF PHILADELPHIA.—At the 
last meeting of this society eleven new 
members were elected. Mr. J. F. Robinson 
read a paper on ‘‘ Steam Motors and Cars for 
Street Railways, ” in which he gave an interest- 
ing account of their manufacture, giving di- 
mensions, weight, tractive power, &c. Steam 
Cars with 7 feet wheel base, as at present built 
at the Baldwin Locomotive works, have been 
scucessfully used on roads having curves as short 
as 25 feet radius and grades as high as 369 feet 
tothe mile. Mr. Robinson also said thé compara- 
tive expense of operating roads by means of 
horses or steam motors proves to be in favor 





of the latter. Mr. George Burnham Jr., read a 
short paper on the “Stow Flexible Shafting.” 
The largest-sized shafting at present mauu- 
factured is 1} inches in diameter, with which 
a power of 69,000 pounds, or more than 2 horse 
power, can be transmitted. Mr. Charles A. 
Ashburner read brief articles on the ‘‘South 
Street Bridge,” ‘‘The Metric System” and 
“The Jetty Question.” The papers were illus- 
trated by models, photographs and working 
drawings.—From the Philadelphia Ledger, Feb- 
ruary 6th, 1878, 

At a meeting held on Monday, December 17, 
1877, the following gentlemen were elected to 
serve as officers for 1878: President, Professor 
Lewis M. Haupt; Vice-President, Coleman Sel- 
lers, Jr.; Secretary and Treasurer, Charles E. 
Billin. 
hes AND MECHANICAL ENGINEERS’ SOCIFTY. 

—At a meeting in January a paper ‘‘On 
House Drainage’? was read by Mr. H. T. Mun- 
day, A.I.C.E., before the Civil and Mechanical 
Engineers Society, at 7, Westminster-chambers, 
Mr. H. V. F. Valpy, the president in the chair. 
The Author described the present defective 
system which existed in nearly every house, 
and showed how, both in execution and design, 
the principles of sanitary science are habitu- 
ally ignored. Descriptions were given of sev- 
eral different methods of house drainage, either 
patented or carried out by those who have 
made this subject their special study. Some of 
these systems were illustrated by diagrams, 
and their merits and defects were pointed out, 
Especial reference was made to the plans 
adopted fy Messrs. Osborne, Keynolds, Buchan, 
Banner, and Rogers Field. In the opinion of 
the author, Mr. Field had been the most suc- 
cessful in dealing with the difticulties of the 
questions. Some of the privciples which 
ought to underlie any methods of house drain- 
age aiming at satisfactory results were ex- 
pounded, and it was stated that although 
alterations to old houses might be costly, the 
money spent for this object could not be con- 
sidered as wasted by householders who had 
any regard for cleanliness and health. Every 
one owning or Jeasing a house should examine 
its system of drainage carefully, and in most 
cases they would be speedily cunvinced of the 
necessity for a radical alteration. An ani- 
mated discussion ensued in which Messrs. 
Eachus, Payne, Street, Burrell, Brewer, and 
the president took part, and a unanimous vote 
of thanks for the paper was passed to Mr. 
Munday. The mecting then adjourned till 
January 24th, when a paper will be read ‘* On 
Chimney Shafts,” by Mr. R. M. Bancroft. 


Pigpnnie ome ENGINEERING Seccinty.—Ata late 

meeting of this society the attention of the 
meeting was called by Mr. Graham Smith, 
past president, to a peculiar method of making 
the foundations of wooden pavements with 
sand in place of concrete. The sand is Jaid to 
a depth of 6 inches on the surface of the ground, 
then rolled and rammed, and on this the blocks 
are laid, and wedges driven between them 
into the sand about 5 inches or 6 inches, 
This system is largely employed in America, 
especially in New York and San Fransisco, 
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and is said to give every satisfaction, 20 thet | mines, ironworks, canals, railways &c., 1,200 
we may hope Mr. Charles Green’s—Gresham | per cent. There was evidence that since 1856 
House, E.C.—efforts to introduce it into this | the increase had been very great, even if these 
country will meet with a favorable reception. | high rates had not actually been maintained. 
Mr. Winfred S. Boult, member, then read a/| These remarks showed how largely the engineer 
paper on ‘Portland Cement Cuncrete.” | had bcen employed, and how much his labors 
After enumerating the advantage of employing| had contributed to the development of the 
concrete in the place of brickwork or stone, in wealth and prosperity of all countries where he 
certain positions, he said he considered a prima | had been engaged. 

facie case made out in its favor wherever there| Proceeding to matters more personal to every 
happened to be large spoil-heaps of rock rub-| member of the Institution the president urged 
bish or considerable deposits of shingle or| that engineering was but, in fact, the embodi 
gravel. For tide work, he considered concrete | ment of practical wisdom; or in the words of 
blocks to have a decided advantage over its| Bacon, ‘‘the conjunction of contemplation and 
rivals, on account of the rapidity with which | action.” Thought, combined with practice, had 
the blocks, when formed, can be set in place. | Jed to the perfection of the steam engine by 
From ‘his own experience, Mr. Boult said he | James Watt, to thesuccessful application of the 
had known of as many as forty-five 7-ton | locomotive engine by George Stephenson, and 
blocks being set in one tide, by one setting | to the production of the electric telegraph. It 
gang, with the aid of a steam jenny. He! wasto the combination of sound theory with 
considered that in order to get good concrete | successful practice that engineering owed its 
great care should be taken to have a proper} present position, and had been able to advance 


gradation in the sizes of the stones and ma- | 
terials used as aggregates. When speaking | 
of the strength of Portland cement, he men- 
tioned that the specifications of Mr. Deacon, | 


material prosperity. It might, however, lay 
claim to more than that, for the works of the 


| engineer had carried the bles: ings of civilization 


into every quarter of the globe; the steam-t ngine 


in its various applications had kniited together 
the most distant nations; ignorance had been 
|brought into contact with knowledge, and 
|heathenism with Christianity. On these 
photographs of machinery employed in mixing | grounds, and on others, the education of the 
concrete, and in constructing concrete works, | engineer was of serious moment. In France, 
which the author described in detail. After|and on the continent generally, where public 
describing the construction of a concrete’ works were mainly carried out by the govern- 
graving dock, 950 feet in length, with which | ments, engineers were educated in special 
he had been connected, and the machinery em-| schools, the theoretical information thus 
ployed, he concluded by giving many s'atis- 
tics of the actual cost of concrete work. From |to that imparted in this country; yet the stu- 
these we gather that the cost of labor 1n| dents lack that practical experience which had 
making concrete blocks in large quantities | hitherto been the main source of the success 
amounts to only 2s. 7d, per cubic yard. of the English engineer, who owed little or 
nothing to government patronage, and whose 
NSTITUTION OF CiviIL ENGINEERS—THE | cmployment depended on individual merit, the 
Presipent’s AppREss. The first meeting | works being undertaken by private enterprise. 
after the Christmas recess was held on Tues- | Still our young engineers were not always pre- 
day, the 15th of January, when the newly-| pared, by preliminary education, as well as 
elected president, Mr John Frederic Bateman, | they might be, for the subsequent acquisition of 
delivered un inaugural address. | practical knowledge. Special qualifications, 
After a passing allusion to the growth of the | and some of a high order, were :equired; and 
Institu'ion, which at the end of 1844 numbered | it would be well if advantage were taken of 
only 552 of all classes, now increased to 3,189, | the numerous public schools in which instruc- 
reference was made to some of the addresses| tion bearing on engineering was given, witha 
of the eighteen gentlemen who had previously | view to prevent young men becoming pupils 
occupied the presidential chair, niainly for the | without these qualifications. But it must be 
purposes of comparison. Thus, Mr. Robert! understood that such traning could only be 
Stephenson, in summarising the statistics of | regarded as preparatory, and not as_ being 
British railways to the end of 1854, mentioned | complete in itsélf, and it was a mistake and 
that 368 millions sterling had been authorized | mischievous where any college or school pro- 
to be expended, of which 286 millions had ‘been | fessed to fit a student to act at onceas an en- 
raised, whereas at the end of 1876 these figures | gineer. 
were respectively 742 and 682 millions. Again,| The President then gave a brief description 
Mr. Locke, in treating of French railways, re- | of a few of the principal engineering works re- 
marked that at the close of 1856 concessions | cently completed, or at present under construc- 
had been granted for 7,030 miles, of which | tion; mentioning in telegraph engineering the 
4,060 miles were open: whilst at the close of | telephones of Mr. A. G. Bell and Mr. Edison, 
1876 these mileages were 16,452 and 12,715. | instruments which differed in construction, but 
Mr. M‘Clean had contrasted the income avail- | by both of which the human voice, with all its 
able for taxation in 1815 with 1856, and had | modulations, could be transmitted to great dis- 
shown that in the interval the revenue from lund | tances. Then, again, the quadruple system of 
had not increased, while that from houses had | telegraphy, imported from America, had also 
augmented 300 per ceat., and from quarries,|come into use. By this system two messages 


borough engineer, required 800 pounds, and 
that of Mr. Lyster, the dock engineer 700 pounds 
per 2} square inch testing section. The paper 
was wel illustrated by numerous diagrams and 


| acquired being admittedly superior, as a rule, 
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could be sent in each direction by the same 
wire at the same time. During the past y: ar 
electricity had put furward other claims than 
these relating to means of communication. 
Thus, the electric light, if it could not at pre 
sent compete successfully with the convenience 
in domestic arrangements of gas lighting, had 
been found uscful and effective for the illumin- 
ation of large spaces, and the invention was 
about to be applied at the Lizard Point Light- 
houses. 

In the conviction that experience of a special 
kind, gained during a long professional life, 
was of more real value than allusions, however 
lucid, to a variety of subjects, the president 
next adverted to a question which was of the 
highest importance in that branch of the pro- 
fessson to which his attention had been more 
particularly dirvcted,viz :—the rainfall of this 
country, and the quantity of water which 
flowed off the ground, avaliable for the use of 
man if properly utilized, or destructive when 
uncontrolled and permitted to cause floods or 
torrents. 

——_—~eq@po——_—_—— 


IRON AND STEEL NOTES. 


P gem shipment of Tasmanian pig iron 
was, according to the Jron and Coal Ti adex 
Review, received in London, a short time ago, by 
Messrs. James M’Ewen and Co., the object of 
the Tasmanian shippers being to ascertain the 
precise value of their product among the prac- 
ticai ironworkers in England. Dr. siemens 
has used seventy tons of the pig iron for con- 
version into octagon steel, and a shipment of 
the article produced was sent out to the colony 
by the Whampoo on the 24th ult. Dr. Sie. 
mens speaks in very flattcring terms of iis 
quality. The pig iron is of a peculiar nature, 
in consequence of the presence in it of the 
rare metal rhodium, but whether this is an ad 
vance or a drawback time will tell. Six 
hundred tons of the pig iron are now in the 
hands of Sheffield manufacturers, so that its 
good or bad qualities will be put to a searching 
test. It is not to be expected that any of the 
iron or steel will ever find its way into the 
English market as an article of trade, but if 
the Australian demand is supplied from the 
Tasmanian mines, the English market will be 
affected to the extent of the diminished ex- 
port. 


\ M. Troost AND HAUTEFEUILLE recently 

showed that small quantities of sulphur 
or phosphorus combined with iron do not de- 
stroy its metallic lustre, but alter its mallea- 
bility and ductiiity considerably. The sul- 
phuretted and phosphuretted iron, which can- 
not be considered as sulphides and phosphides, 
act quite differently when considered thermo- 
metrically. Two kinds of sulphuretted iren, 
one with 1.8 percent. of sulphur, the other 
with 5.4 percent , when treated with moist mer- 
curic chloride, evolved respectively 810 and 
840 units of heat per gramme. The metal 
with 1.8 per cent. of sulphur, which is quite 
considerable from a point of view, evolved the 
same quantity of heat us pure iron, while the 
Other with 5.4 per cent. sulphur evolved more 





heat than the latter. Iron containing phosphor- 
us acts totally different. Two sampies of iron, 
containing respectively five and ten per cent. 
of phosphorus, when treated with mercuric 
chloride, evolved 790 and 410 equivalents of 
heat per gramme. From this it is evident that 
the combination of iron with phosphorus 
takes place with a great evolution of heat, and 
that a permanent chemical compound is formed. 
The sulphuretted iron is comparable to the 
silicuretted iron, which is formed with scarce- 
ly any evolation of heat. We know, too, that 
sulphur is far more easily eliminated from iron 
than phosphorus. The sulphur and phosphorus 
compounds of manganese, prepared from 
manganese that contains carbon, are attacked 
with difficulty by moist mercuric chloride, 
which is a sign that they are formed with a 
zreat evolution of heat, and are therefore more 
stable compounds than the corresponding iron 
compounds. 


Tr results of experiments upon the thermic 

relations of iron and manganese com- 
pounds, made by MM. Troost and Hautefeuille, 
leas to the conclusion that the manganese 
used in treating impure iron forms with the 
foreign substances compounds which are dis- 
solved in and distributed through the mass of 
metal, and they render purification easier be- 
cause they impart to the elements which are to 
be eliminated the oxidizability of the corre- 
sponding manganese compounds. At all 
events, this is frequently the case: but the 
manganese also plays another and simpler part, 
namely, it acts at the same time as the reducer 
of the oxide of iron. In different metallurgi- 
cal operations the elimination of the sulphur 
and phosphorus, if carried far enough, requires 
a long piotracted oxidation, which produces 
an iron which contains oxide of iron. By ad- 
ding ferre-manganese, which is aiways rch in 
carbon, the necessary amount of carbon is ad- 
ded to the iron, and at the same time the oxide 
of iron is reduced with an evolution of heat, 
both by the carbon and the manganese. The 
oxide of manganese produced is distributed 
through the metal, but does not impart to it 
the injurious properties that oxide of iron 
would, for it passes almost completely into 
the slag and takes the impurities with it. 
Hence, whether the manganese is already in 
the metal to be purified, or is added during 
the refining, its importance always consists, 
first, in the formation of compounds, the for- 
mation of which is accompanied by more evo- 
lution of heat than the corresponding iron 
compounds, and second, in the eace with 
which these compounds go into the slag, be- 
cause they oxidi-e with the evolution of more 
heat than those which contain equal quantity 
of iron, especially when they are mixed with 
a large quantity of the metal in excess.—Hn- 
geneer. 

———_eg>o——_—- 


RAILWAY NOTES. 


In 1877.—Our 


onenen CONSTRUCTION 

annual record of the construction of rail- 
roads in the United States, published this week 
shows that 2,199 miles were completed in 1877, 





RAILWAY 


NOTES. 





inst 2,460 in 1876, 1,561 in 1875, 2,025 in 
i874, 3,883 in 1873, and 7,340 in 1872. The 
decrease as compared with 1876 is nearly 11 
per cent., but the total is above the average 
since the panic of 1873, that average for the 
four years having been 2,061 miles. Neither 
is it a small-amount of work in comparison 
with the population and traffic of the country 
and their rate of growth. The increase in the 
railroad mileage is about as great as the aver- 
age increase of population in the country, and 
this country has long had a larger mileage in 
proportion to the population than any other 
civilized nation. We have now very nearly 
80,000 miles of railroad in the country, with a 
probable population of 45,800,000. This gives 
575 people to support one mile of railroad, and 
a nominal investment in railroads of about $100 
per individual. 

Now Europe has about 3,310 inhabitants to 
supp»t one mile of railroad, or nearly six 
times as many as this country, and in Great 
Britain and Belg:um—where the country is 
most fully provided with railroads—there are 
1,860 and 2,283 inhabitants, respectively, per 
mile. So far as population is concerned, | 
therefore, this country is already exceptionally 
well provided. 

We have noticed that the construction since 
1878 has been chiefly of short lines of local in- 
terest. This was especially true in 1877. The 
number of lines was greater than before since 
1878, and the average length of each line has 
been smaller but once, as will appear from the 


following : 
Year. No. of Total 
companies. Built. 
7,340 
3,383 
2,025 
1,561 


Average 
length. 


35.0 
28.3 
19.3 
16.6 
23.0 
18.8 


_ Indeed there were very few lines constructed 
in 1877 which can be called long. The long- 
est single line was the 120 miles of the South- 
ern Pacific extension: then follow the Minne- 


apolis & St Louis, 91 miles: the Colorado 
Ceutral, 70 miles; the Rochester & State Line, 





68 miles; the Maple river, 59 miles; the Syra- | 
cuse, Geneva & Corning, 56 miles; and the | 
Philadelphia & Atlantic City, 54 miles. No/| 
other line as much as 5U miles long was con- | 
structed during the year. 

These seven companies constructed 518 | 
miles of the total year, so that the average 
length of the other lines was but 15 miles. In 
1376 there were five companies which con- 
structed more than a hundred miles apiece, 
and the eight which constructed 50 miles or 
more apiece built an aggregate of 898 miles; or 
86 per cent. of the total. ' 

About two-thirds of the total mileage built 
last year (1,418 miles) was in eight States, each 
of which constructed more than 100 miles. 
The States with largest mileage for two years 
past are: 





SE teaevusene venus ee ' 


Pennsylvania 
Colorado 


California 
Ohio 
Colorado 
Kentucky 
Wisconsin 
Missouri 


The most interesting comparison is that of 
groups of States. In 1873 and previous the 
great field of railroad construction was in the 
upper Mississippi valley, generally known as 
the ‘‘ Northwest,” and socalled in our group- 
ing above. In 1872 42 per cent. of the total 
new roads was in that section; in 187% nearly 
30 per cent. In 1874 this fell to 25 per cent; 
in 1875 to 23 per cent; in 1876 to 224; while in 
1877 it takes a turn and rises to 28 per cent. — 
a larger proportion than before since 1873. 
But the chief activity inthe Northwest has been 
in Minnesota and lowa; the former built nearly 
twice as much road in 1877 as in the four years 
preceding, and the two states together have a 
sixth of the total in the country. The other 
Northwestern states do not make much of @ 
figure; Illinois, which for several years took 
the lead, and which has a larger mileage than 
any other state in the Union, has added very 
little to its excessively large railroad system, 
In 1872 686 miles were built in that state, 
which was 9 per cent. of the total of the year; 
in 1877 its 33 miles of new road are but 14 per 
cent. of the ‘otal. 

If, however, there has been a restriction of 
work in one state where the supply is excess- 
ive, the contrary has been the case in another. 
Ohio, which has more non-paying railroads 
than almost any other state, has largely in- 
creased is mileage, and constructed 10} per 
cent, of the total in the country. There is to 
be said of Ghio, however, that, in the first 
place, though the railroads are much too near 
together for their own good in most of the 
state, part of it, until very recently, has been 
quite destitute: and, moreover, Ohio has be- 
come a manufacturing state, with developing 
business in mining, etc., which may not always 
be properly served by the old system built 
chiefly for other objects. At least nearly all 
the new Ohio roads are local lines, without 
even a pretence of aiming at that “great 
through traffic” which has begot and ruined 
so many railroads in the West and elsewhere. 
The new Ohio lines are chietly true secondary 
railroads, intended to fill a place between 
the highway and the trunk line, to be worked 
at moderate speed to accommodate local traffic. 
Out of the 236 miles credited to that state, no 
less than 157 are of 3 foot gauge, and made 
light and cheap. ‘The lightness and cheap- 
ness are in every way commendable for 
roads of their class, but in a state so well 


| supplied with standard roads the narrow gauge 


will be a much greater disadvantage than in 
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isolated districts like those of Colorado and 
Utah, where there is a narrow gauge system 
which it is often important to conform to. 

The mileage of narrow gauge road con- 
structed last year in the entire country was 
very large—705 miles, and nearty one third of 
the total. As we have frequently said, there is 
now little room for costly roads, and it is nat- 
ural and proper that most of the new ones 
should be adapted to their circumstances and 
made cheap and light: and as the only cheap 
and light railroad with which the community of 
this generation at large is familiar is of narrow 
gauge, we may expect their construction to 
continue until examples of equally cheap rail- 
roads of standard gauge are frequent enough 
to be generally known. 

Although the last half of the year was more 
prosperous than the first half, railroad con- 
struction does not seem to have been much 
affected thereby, the proportion constructed in 
the last half being about as usual. Naturally 
we would expect an improvement in business 
to be felt later, and if at all, during 1878. We 
do not, however, yet hear of any unusual 
number of new projects which are likely to be 
undertaken. There are, however, a uumber 
of unfinished lines on which work is now in 
progress. Of the lines on which road was 
built last year, 44, according to our best inform- 
ation, are still in progress or likely soon to 
be extended further while several more may 
have work resumed on them. Most of them, 
however, will be short lives when they are 
finished, and we hear of no long line which is 
sure to be constructed in 1878, though the ex- 
tension of the Cincinnati Southern road is alto- 
gether probable, we suppose. The farther 
rapid building of the Texas & Pacific will de- 
pend, we suppose, on the action of Congress, 
and also to some extent that of the Southern 
Pacific. The latter will probably make some 
extension into Arizona, unless the Texas & 
Pacific is subsidized all the way to Fort Yuma, 
but not if itis. The Northern Pacific may do 
something towards completing its great line. 
but probably not a great deal. A number of 
Texas roads ure ready to be built long distan- 
ces, ifthe money can be got; but no great re- 
vival of construction can be looked for this 
year. A second heavy harvest in the North- 
west would probably stimulate immigration, 
and there is plenty of room on good Jand for 
railroads in Western Minnesota and Iowa and 
Eastern Nebraska, if only people will establish 
farms there. But again the chief part of the 
work will probably be for local roads, for 
which there is abundance of room east and 
west, if made strictly to suit their circum- 
stances—very light, very cheap, and worked 
at very low speeds.—R. &. Gazette. 


—_-4e—____ 
ENGINEERING STRUCTURES, 


w™ FOR THE East RIvER Briper.—Pro- 

posals were recently called for the sup- 
ply of the steel wire for the suspending ropes 
of the East River Bridge. The specifications 
reauire 325,000 pounds of wire rope, making, 
70,000 lineal feet in all. There are two sizes 
required, one measuring 1¢ inches in diameter 





weighing 4} pounds to the lineal foot, and 
having a breaking strength of not less than 
180,000 pounds; the other measuring 13 inches 
in diameter weighing 5 pounds to the lineal 
foot, and having a breaking strength of 200,000 
pounds. The attention of the members of the 
board was called to a gnarled, *broken, and 
twisted suspender rope. ‘This specimen was 
made at the factory of Roebling’s Sons & Co., 
by the direction of Chief Engineer Roebling. 
It was 1$ inches in diameter, and had been 
tested by the Keystone Bridge Company, of 
Pittsburg. It was broken under a strain of 
197,500 pounds, the required strength being 
180,000 pounds. It was resolved to award the 
contract to J. A. Roebling’s Sons & Co. at 
seven cents a pounds, for Bessemer steel wire. 


RIDGE Laws IN FrANCcE.—A circular of the 

Minister of public works, promulgated July 
9. 1877, and published in the Annales des ponts et 
Chaussees for October, sets forth the require- 
ments wjth regard to design and testing, which 
all iron bridges hereafter erected in France must 
fulfill. These requirements, says the circular, 
are the result of a careful consideration of the 
subject by a commission of Engincers, especial- 
ly convened to study the previously existing 
laws, and to advise concerning modifications and 
alterations. Since the Ashtabula disaster, the 
neccessity of some governmental oversight in 
the erection and inspection of bridges has been 
pretty well admitted among engineers; hence 
we give a brief abstract of the French cir- 
cular, trusting that it may prove suggestive to 
all who are engaged in the good work of 
attempting to make our lawgivers appreciate 
the importance of such systematic regulations. 

The circular first treats of railway bridges; 
these are to be so proportioned, or rather each 
member is to be so proportioned that in the 
most unfavorable position of the load the strain 
shall never exceed the following limits; for 
cast iron in directtension, 14 kilograms per 
square millimeter, in flexural tension 3 kilo- 
grams, and in compression 5 kilograms; for 
wrought iron or rolled iron in either tension 
or compression 6 kilograms per square milli- 
meter. Designers must be able to show by 
detailed calculations that all pieces are so pro- 
portioned that these strains can never be 
surpassed; but the administration reserves the 
right to assign higher limits for very long 
bridges, or in other special cases. Nothing is 
said regarding variation of the working com- 
pressive strain according to the length of the 
piece, a point which we properly consider of 
much importance; Gordon’s formula in fact 
seems scarcely to be known in France and 
Germany. 

The rolling load to be used in computation 
is required to vary with the length of the span 
aczording to a tabulated scheme from which 
the following are afew values; 12,000 kilo- 
grams per linear meter is assigned for spans of 
two meiers in length, 9800 kilograms for spans 
of 5 meters, 7300 kilograms for 10 meters, 4900 
for 20 meters, 4100 for 40 meters, 3700 tor 60 
meters, 3200 for 100 meters, and 3000 for spans 
of 150 meters and upwards. These loads 
are for single track bridges. 
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Each span is to be subjected to two tests, 
one by a stationary load and the other by a 
rolling load. These are to be made by trains 
equal at least in length to the span to be tested, 
the locomotive with its tender weighing 72 
tons and each car weighing 15 tons. 


This 
train is to be brought upon the bridge and 
kept there standing for two hours after all 
signs of deflection have ceased. For continu- 
ous bridges each span is to be thus loaded inde 
pendently of the others and afterwards each 
twospans. No mention is made of measure- 
ments of deflections or other observations 
attending these tests, but being under official 
control of government engineers such records 
are undoubtedly kept in full detail. 

For the rolling load tests the train just 
mentioned passes over the bridge at the rate of 
25 kilometers per hour, and afterwards another | 
train composed of cars, equal in weight to the | 
most heavily loaded passenger cars, passes first | 
with the velocity of 35 and secondly with a! 
velocity of 50 kilometers per hour. For) 





double track bridges each track is to be tested | 


independently and then both together, the two 
trains in this case moving in the same direc- 
tion with the assigned velocities. 

The use of a locomotive weighing with its | 
tender more than 72 tons is not allowed, except | 
by a special dispensation from the minister of | 
public works. When the rolling steck which | 
is to use the bridge is considerably lighter than | 
that of the above testing train the administra- | 
tion will decide whether or not a less rolling | 
load than that given in the schedule may be | 
allowed in the computations. | 

For iron highway bridges the same limit- | 
ing working strains are assigned. The com- | 
putation must be made for the most unfavor-! 
able position of a uniform rolling load of 300} 
kilograms per square millimeter, or of ve- 
hicles closely covering the bridge and weigh- | 
ing if on two wheels 11 tons each, and if on 
four wheels 16 tons each, that being chosen 
which is the greatest. The sidewalks are to} 
be proportioned for 300 kilograms per square 
meter. The tests are to be made by covering 
the bridge, sidewalks included, with a load 
equivalent to that employed in the computa 
tion and allowing it to remain two hours after 
all signs of settling have ceased, and also by 
the passage of loaded vehicles. The use of 
vehicles heavier than those employed in the 
computation is forbidden except: by special 
permission of the préfet.—Hngineering News. 
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ORDNANCE AND NAVAL. 


ls all future wrought iron muzzle-loading 
howitzers of 8 inch calibre, manufactured 
at the Royal Gun Factories, Royal Arsenal, 
Woolwich, planes are to be cut upon the sur- 
face for the application of the spirit level, 
quadrant, or clinometer in the following posi- 
tions:—(1) immediately in front of the vent for 
use in elevating; (2) on the front of the breech 
coil; (3) on the cascable bottom. These two 
are fur use in taking the level of the trunnions. 


vating and leveling the trunnions to be carried 
out with greater readiness and accuracy than 
hitherto. 


Icey, the inspector of Machinery at 
Portsmouth, has received instructions 
from the Admiralty to conduct a series of ex- 
periments on board the new steel despatch 
vessel the Iris, for the purpose of determining 
the best form of screw propeller for the sister 
ship, the Mercury, under construction at Pem- 
broke. The first trial will be made under pre- 
cicely the same conditions as the trial recently 
conducted by Messrs Maudslay, with the ob- 
ject of seeing whether the same power can be 
developed by the engines after having been 
opened up. Subsequent trials will be made 
with the ship going at fifteen, twelve, and 
even as low as four and two and-a-half knots 
an hour, provided the engincs can be worked 
at so exceptionally low rate of progress. At 
the reduced speeds the whole of the cylinders 
are to receive their steam direct from the boil- 
ers. Previous experiments have proved that 
with twin-screw ships better and more econom- 
ical results can be obtained at low speeds by 
disconnecting one of the engines. At the second 
series of experiments each of the screws will 
be deprived of two of their blades, and the 
ship be propelled by two-bladed fans with 
various pitches. 


R 


HE new quick dispatch vessel, Iris, 10, 
which was constructed of steel at Pem- 
broke, and engined by Messrs. Maudslay, 
Sons, and Field, made a preliminary contract- 
or’s trial of her novel four cylinder engines at 
Portsmouth on Friday in charge of Captain 
Jones, of the Steam Reserve. Mr. James 
Wright, engineer-in-chief, and Mr. Bakewell, 


| assistant engineer inspector, represented the 


Admiralty, and Mr. Walter Maudslay and the 
Hon. George Duncan the contractor’s firm. 
The trial proved very satisfactory, the ma- 
chinery working well, the boilers exhibiting no 
signs of priming. After a long spin to the 
eastward the ship made four runs on the 
measured mile in Stokes bay, the results being 
16.981 knots, 15,652 knots, 17.308 knots, an 

15,789 knots, thus realizing a mean speed of 
16.45 knots perhour. This is about a knot be- 
low the estimated speed, but the data leave 
little doubt that at these special trials the sur- 
prising speed of 174 knots will be got out of the 
ship, The revolutions varied from eighty-five to 
ninety per minute, the estimated revolutions to 
develop the contract horse-power (7000) being 
ninety-five. As it was, the indicated power a- 
mounted to 6857 horses. The steam in the 
boilers was at the full pressure of 60 pounds, 
but the engines could not take all that was gene- 
rated. It is probable, therefore, that the pitch 
of the screw, which is at present 18 feet, ma 

have to be made slightly tiner. Notwithstand- 
ing the fact that the double bottom of the ship 
was filled with water and 20 tons of iron ballast 
were on board, the ship was nearly 2 feet short 
of her load draught. The Iris is steered entirely 
by hand, and it was found that, with the en- 
gines going at full speed, it took twelve men to 





These planes will enable the operations of ele- 


put the helm over 15 deg. 
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TEAM GEAR FoR Heavy Guns.—The steam 
gear for the 88 ton gun carriage designed 

by Mr. Butter, of the Royal Carriage Depatt- 
ment, and described in Tue ENGINEER of Dec 
15th, 1876, has been brought through its ex- 
perimental stages successfully, and has now 
for some time been working as a service car- 
riage should work, with all going well asa 
matter of course. On Friday last Dec. 14th, 
experiments were made at Shoeburyness to 
test its behavior, when the gun was fired with 
charges increasing upwards from the service 
one of 130 pounds employed with the gur in 
an unchambered state. Thus, charges of 140, 


PRACTICAL TREATISE ON LIGHTNING PrRo- 

TECTION. By Henry W. Spana. Phila- 

delphia: Claxton, Remson & Haffelfinger. For 
sale by D. Van Nostrand. Price 50 cts. 

The author has evidently carefully con- 
sidered the causes of failure of lightning rods 
to afford protection in cases where they have 
equally failed, and has brought to bear on the 
subject of the improvements necessary, a 
knowledge derived from several years experi- 
ence in telegraphy. 

He is confident that absolute protection to 
life and property may be afforded by a proper 
system. 





150, 160, 170, and 180 pounds were fired. The 
strain thrown on the carriage was very severe, | 
but it stood well It has been a matter of dis- | 
pute as to what is the exact movement of the | 
carriage under the shock of discharge. Mr. 
Butter devised a simple expedient for ob- 
taining a diagram which appears to dispose | 
of this question satisfactorily. He fastened a} 
long strip of paper on a vertical board parallel | 
to the side of the carriage, and to the latter he | 
attached a pencil which was kept by means| 
of a spring with its point—which was a round | 
blunt one—in contact with the paper. By 
this means a line was traced along the paper 
by the pencil when the carriage was run up, | 
showing what would be its path when the car- | 
riage ran smoothly on the platform. On firing | 
the line described by the pencil during the re- | 
coil of the carriage exhibited an irregularity of | 
movement somewhat on the plan of the dia- 
ram of a steam engine. It was by this means | 


ound that on the first shock of recoil the car- | $ 


riage is pressed or driven down to the extent of | 
yo inch. It then rises gradually, crossing the 

normal line, and eventually near the termina- | 
tion of the recoil rising to a height of 34 inches. 
The loading operations are facilitated by run- | 
ning the carriage so far back that a portion of | 
it overhangs the end of the slide, by which ar- | 
rangement space is allowed to push the shot | 
home by the rammer from off its cradle down | 
the bore of the gun, the intermediate movement 

being done away with. A new engine is likely 

to be sent to Shoeburyness, double the power of | 
the present one, with which very rapid loading | 
indeed may be expected. 


a 
BOOK NOTICES 


UANTITIES : A TExT BooK FoR SURVEYORS. 


By BaNIsTER FLeTcHer, *F. R. I. B. A. | 
Lendon: B. T. Batsford. For sale by D. Van | 


Nostrand. Price $3.00. 


The title of the book suggests its plan. It 


is a guide to estimates for all kinds of building | 


work. 


Beginning with earthwork, it includes brick- | 
work, slating, masonry, carpentry, joinery, | 


gas fitting, plastering, plumbing, painting, 
glazing and paperhanging. 
A chapter is devoted to each of these depart- 


ments of Jabor; and the rules for estimating | 


are clearly stated, and illustrative examples 
given in tabulsted form. 
The illustrations, forty-two in number, are 


OPULAR AsTRONOMy. By Simon NeEw- 
coms, LL. D. New York. 1878. For 
sale by D. Van Nostrand. Price $4.00 

Of the many popular treatises on Astronomy 
this is to us the most satisfactory. The dis- 
tinction between what is known and what is 
inferred is throughout so carefully preserved 
that the reader is in no danger of being misled 
by the enthusiasm of the scientists, into an ac- 
ceptance of doubtful theories. 

The author has presented a condensed view 
of the history, methods, and results of Astron- 
omical research in such style as to be under- 
stood without mathematical study. 

The eminence of the author is a guaranty of 
the precision of the work. 


OLUMETRIC ANALysis. By Dr. Emr 

FLEISCHER. Translated by M. M. Partr- 

son Murr, F.R.S.E. London: Macmillan & 

©o. For sale by D. Van Nostrand. Price 
2.50, 


The methods of Volumetric Analysis seem 
to be growing in favor. Each new treatise 
seems to be extended to the analysis of sub- 
| stances not previously embraced. 

This work, like the previous ones, affords 
instruction at considerable length upon the 
methods of volumetric analysis, the prepara- 
tion of standard solutions, etc. 

A portion of this work treats of the separa- 
tion of the bases precedirg volumetric estima- 
tions; also of the separation and estimation of 
the more important acids. 

Analysis of commercial substances receives 
| a fair share of attention. ° 

The work is well printed, and presents a few 
| excellent woodcuts. 
| "{‘"E Economic THEORY OF THE LOCATION OF 
Rartways. By Artnur M. WELLING- 

Ton, C.E. New York: The Railroad Gazette. 
For sale by D. Van Nostrand. Price $2.00. 

Considering the importance of this subject, 

| it is surprising that it has never been so fully 

treated before. It is clear that no one but a 
practical engineer could do it, and one, more- 
|over, with a special talent for analysis and 
classification of facts, that present at the same 
time physical and financial aspects. 

A brief inspection of the book has satisfied 

us that the work of preparation could not well 
| have been in better hands. 
The typography is somewhat trying, but it 
|seems certain that when railway buiiding is 
again resumed, a great many engineers will en- 
dure such discomfort as results from a close 
| study of it. 
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COUNTS INTO WHICH THEY ARE NATURAL- 


re Noire and L’Vrient, and the ingenious and 


| . 
—— DISBURSEMENTS, AND THE Ac-' can learn from the magnificent successes at Ter- 


Ly Divipep. By Marsmatit M. KrirkMan. 
New York. 1878. Forsale by D. Van Nos- 
trand. Price $2.00. 

This work is offered as a convenient guide 
to the proper performance of the duties of ac- 
eountants of railway business. 


The autkor is evidently a complete master of | 


the art of classification, and has presented in 
this book a system which embraces all neces- 
sary details, brought under a scientific method 
of arrangement. 

Nothing in the way of clearness is wanting 
to explain the method. There are nearly sixty 
pages of blank forms. 


) LEMENTS OF GEOLOGY. By Joseph LE ConTE* 
New York. 1878. For sale by D. Van 
Nostrand. Price $4.00. 

If this work, says the author in his preface, 
have any advantage over others already before 
the public, it is chiefly in a fuller presentation 
of some subjects in dynamical and structural 
geology, and in the attempt to keep evolution 
in view, and to make it the central idea of the 
history. 

Every student of geology will we think re- 
gard this work as an invaluable contribution 
to science, whether he regards evolution as a 
‘‘central idea” or not. The prominence 
given to the geology and physical geography 
of our own continent will prove especially ac- 
ceptable to American students, 

The arrangement of subjects and the me- 
chanical execution of the work are all that 
could be desired. 


HE Use OF STEEL FOR CoNSTRUCTIVE PUR- 
Poses ; MetHop of WorKING, APPLYING 
AND TestTiInG PLates AND Bars. By J. 
Bara, Chief Naval Constructor at L’Orient. 
(Translated from the French). With a preface 
by Avex. L. Houiey, C.E. 80 cuts. New 
York: D. Van Nostrand. 110pp. 12mo. Price 
$1.50. 

This latter work especially concerns Ameri- 
can stcel works, and its presentation to them 
by our leading authority on the subject is 
especially happy and especially well dene. 

In this country we have at hand all the ele- 
ments for successful steel using on the largest 
scale for ship and bridge building ; our system 
of ultra-light construction points rather towards 
steel than towards iron ; and yet our chief and 
almost exclusive use for American-made Besse- 
mer is for rails; while the Martin makers have 
not given us metal cheaply enough for larger 
than spring and boiler-piate service. The 
nature and uses of steel are not sufficiently 
understood. Experiments and investigations, 
such as those of Barba, have been lacking ; 
and hence we have had no impetus towards in- 
creasing uses of the greatly superior metal 
There can be no doubt about it that the age of 
iron approaches its close, and that that of the 
various steels has scarcely dawned, although 
giving promise of a glorious future. In fact, 
construction steel and steel construction are 
practically unknown to us. We do not know 
how to constructand handle the material, and 
our failures have taught us much less than we 





thorough experiments and deductions of 
Barba. 

To the keen analyst, whether or not prac- 
tically familiar with the difficulties in steel 
constructions, the work before us reads like a 
key tothe mysteries of materials and forces. 
How to “‘ humor,” manipulate and m:nage the 
remarkable series of carburets, which we call 
steel, is distinctly set forth ; the drawings and 
tables of tests are concise, admire bly arranged 
and carefully used as bases for incontrovertible 
generalizations. We have had occasion to 
draw largely from these notes, and shall doubt- 
less do so again; and take pleasure in com- 
mending it to the artisan in iron and stecl as 
instructive and practical.—Radtiway Review. 


——egpoe—__—_—_ 
MISCELLANEOUS, 


gegen Bronze.—We have from time to 
I time spoken of the alloy introduced some 
time since by Mr. P. M. Parsons, uuder the 
name of manganese bronze, and which exhibits 
extremely high tensile strength combined with 
extraordinary toughness and power of exten- 
sion. The various grades in which this alloy 
can be made and the facility with which it 
adapts itself to forging and other manufactur- 
ing processes, makes it peculiarly acapted for 
a great variety of constructive purposes, where 
lightness and strength are require|. ‘ihe fol- 
lowing Table gives the results of a series of ex- 
periments recently made at the Royal Gun 
Factories, Woolwich, to ascertain the com- 
parative strengths of the manganese bronze, 
Muntz’s metal, and gun metal. The diameter 
of the specimens was .533 inch, and the 
length exposed to test 2 inches. 
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Parsons’ Manganese 
Bronze Bolt Rod. 
Cold rolled a. 
Forged and annealed. 
Hot rolled & annealed 

Cold - - 
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Rolled and annealed.; 7.8 
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24.0 | 54.6 
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16.0 | 16.6 








* This specimen was not broken through the shank bat 
gave way prematurely at the base of the thread where the 
head was screwed on, owing to its having been nicked by 
the turning tool. 
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The results recorded speak for themselves, 
and fully justify the confidence placed in the 
alloy by manufacturers who are now employ- 
ing it on an extended scale.—ngineering. 


: ioe United States War Department has 

lately republished from the surveys of the 
Austrian staff a most excellent series of maps 
of European Turkey, in sections containing 
each about four degrees of the earth’s surface, 
the sheets measuring 16? inches by 19 inches, 
thus making a very large map, nearly an inch 
to six miles in scale. Between this series and 
all other maps of the field of battle in the East 
that have yet been published in America there 
is no sort of comparison, and the arrangement 
of the sections, with an index on the margin 
showing how to arrange them to. make a wall 
map, gives them the advantages of portab lity 
combined with those of the large scale. The 
only objection, says the U. S. Army and Nary 
Journal, that we can see to the maps for 
American use is the retention of the German 
nomenclature, but that is unavoidable under 
the photo-lithographic process of reproduction, 
without redrawing the maps, an expense un- 
warranted by the appropriations for the Engi- 
neer Department. We hope soon to see Asia 
Minor mapped as well, 


hee SpHeromwaL Strate.—Professor Barratt 

gave on the 3d inst.,-at the London Insti- 
tution, a lecture on ‘‘ New Views of the Spher- 
oidal State.”” He first reminded the audience 
what the condition was which is expressed by 
the words ‘‘spheroidal state.” When we al- 
low water to fall on a warm surface, such as 
the hob of a grate, it rapidly evaporates with- 
out noise. If the surface be nearly red hot, 
the watcr instantly and noisily hisses into steam. 
Reasoning onwards from these facts, we should 
conclude that if the surface be intensely hot— 
at a white heat, for example, the water would 
flash into vaper, and disappear the moment it 
touched the iron. But this is not so ; and it is 
often here we are met with one of those anom- 
alies that so often arrest us, and show the 
need of putting @ priort conclusions to the 
test of actual experiment. The anomaly in 


sustained, were it not that the proximity of the 
hot surface constantly generates more vapor 
and thus renews the upward pressure. Hence 
the drop is buoyed up by a shield of its own 
vapor on which it rests as a mobile elastic 
spring. The contractile force which exists on 
the surface of all liquids tends to draw the 
particles of the liquid into the smallest com- 
pass, and by what is known as the superficial 
tension of the liquid, the drop freed from the 
adhesion of the solid gathers into a little spheri- 
cal drop. This has been the state of our 
knowledge up to the present time. Among 
the experiments which were used in illustration 
of this part of the lecture, it was shown very 
successfully by an enlarged image on the 
screen that a space really did exist between the 
drop and the heated metal on which it rested. 
Many allusions to the fiery ordeal and to more 
modern handling of heated metals were made, 
which are explicable in consequence of the 
knowledge that with a fluid on the skin highly 
heated metal cannot touch it. M. Boutigny, 


nitric acid on a copper dish, when thrown by 
heat into a spheroidal state, would not touch 
the copper. But there are cases in which the 
old explanation cannot hold good. For ex- 
ample, in some states of the weather, the water 
| splashed up in ruwing will be noticed falling 
back and rolliog}in spheroidal drops. So, too, 
spirits of wine and petroleum may be agitated 
by vibrations from a bow drawn across a glass 
that contains them till they throw up globules 
which roll about on the surface. It 1s here, 
Professor Barratt said, that Mr Johnstone 
Stoney’s investigations on the forces which 
produce the motion in the Jittle vanes in Mr. 
Crookes’s radiometer come into consideration. 
To Mr. Stoney, he said, is unquestionably 
due the great honor of having been the first 
fully to explain the true theory of the radio- 
meter. It was in the course of these investiga- 
| tions that Mr. Stoney had quite recently been 
| led to show that the force which is so active in 
| the high rarefaction (that is necessary for the 
effective rotation of the radiometer) is also 
present at ordinary atmospheric tensions. Now 








this case is this: Water, or any other liquid,,it is this force which forms the new explana- 


falling on a red-hot surface, does not flash into 
steam, but rolls about on the glowing surface 
in liquid drops comparatively cool. They are 
not perfectly spherical, owing to gravity, but 
this is their anomalous deportment which has 
been termed the spheroidal state of liquids. So 
far back as 1746 Eller studied the phenomena, 


and Leidenfrost, a German philosopher, in 1797 | 


published an elaborate dissertation on the 
subject. He, and after him Klaproth, proved 
that the drops were below the boiling point of 
the liquidl used, and their explanation of the 
phenomena is that which has been generally 
accepted to the present time. Their explana- 


tion wus this ;— By its first contact with the hot | 


surface, part of the liquid is suddenly turned 
into vapor. This vapor has a definite and con- 
siderable tension or pressure. The pressure 
thus generated acts in opposition to gravity, 
for it tends to push back the atmosphere above, 
and with it the liquid drop. It would soon be 
equalized, and the drop would no longer be 


| tion of the entire phenomenon of the spheroid- 
al state. Professor Barratt proposed to call it 
‘*Stoney’s force.” In order to understand the 
action that occurs it must be recollected that, 
according to calculations, the number of mole- 
cules of air that at ordinary pressure occupies 
the space of a pin’s head is 1,000,000,000,0v0, - 
000,000; when the radiometer globe is exhaust- 
ed of these molecules of air as far as we can 
do it by mechanical means, there are still some 
millions remaining, and these are in constant 
motion. Heat makes them move more rapidly, 
cold more slowly. If we have two surfaces 
very near each other, one surface hot and the 
other cold, from the hot surface the molecules 
will be thrown off with greater rapidity than 
they reached it; and if the cold surface be near 
enough, they will ‘‘ bombard” it. Hence there 
will be a tendency in the hot and cold surfaces 
to retreat from one another, and when with one 
of these, as in the radiometer, this is possible, 
it ensues. 








some twenty years ago, showed that even’ 
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